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Figure 5 (cont’d)
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TALE-TelRO6 (SEQ 1D NO: 2):.

MATTHMGSGIHGVPAA VDR TECGY SGOOGOEKIKPKVERTVAGHHEALVG
HURTHARIV fﬂ"w HPAALGTVAVKYQDMIAALPEATHE %e,im“%?-isr "ﬁ‘*w
ARA H ALLTVAGELRGPPLOLITGOLLKIAKRGGVTAVEAVHAWRNALT

a:g xLTPEQVVAIASTiZ'fjZGGI&QALETVQRLLPVLCQAHGLTPEQVVAIAS
' G(JKQALETVQRLLPVLCQAH(JLTPEQVVAIAS _________ SGGKQALETVQRLLP
VLQQAHGLTPEQWAIAS (JGKQALETVQRLLPVLCQAHGLTPEQWA
[AS:IIGGRPALL _'"* A SR PDPALAALTNDHLY ALACLGORPALDAVKE

L, R, Y

CLPHAPALE RTNRIIPER TRHEV A

Targeting Sequence: T3 i (SEQ ID NO: 11)

Figure 10
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TALE-TelR09 (SEQ ID NO: 3):

MATTHMGSGIHGVPAAYDLRTLG YSQGOUERIRPKYRSTVAGHIEALVG
HOEFTHARIVALSOHFAALGTY AV YODMIAALPEATHEATY GV L.Ls:s‘v 63
ARALFALLTYAGELRGEFPLOLDTGOLLEKIARBGOVTAVEAVHAWRNALT
GAPLNLTPEQVVAIAS: IGGKQALETVQRLLPVLCQAHGLTPEQVVAIAS
oy GGKQALETVQRLLPVLCQAHGLTPEQWAIA‘S “GGKQALETVQRLLP
VLCQAHGLTPEQVVAIAS GGKQALETVQRLLPVLCQAHGLTPEQVVA
IASH GGKQALETVQRLLPVLCQAHGLTPEQVVAIASNGGGKQALETVQ

EEEEEE

RLLPVLCQAHGLTPFQVVAIAS GGKQALETVQRLLPVLCQAHG—LTPFQ
VVAIAS IGORFALESIV AL SR PDPALAALTNDHLVALACLGGRPALY

YR H APALIKRKINRERKIPERISHEVA

Targeting Sequence: T4 56044 F A% (SEQ ID NO: 12)

Figure 11
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TALE-TelR12 (SEQ ID NO: 4):

MATTHMGSGIHGVPAAYVTI K TLOY SOOGOFK I PEVRSTVAGHIEALYG
HORTHAHIVALSOHPAALG TVAVEYODNMIAALPEATHEAIVOVOEOWRS
ARALEALLTYAGELRGPPLOLDTGOLLKIAKRGOVTAVEAVHAWRNALY
(1APLNLTPEQVVAIASH iIGGKQALETVQRLLPVLCQAHGLTPEQVVAIAS
~ IGGKQALETVORLLPVLCOAHGLTPEQVVAIASH:GGKQALETVQRLLP
VLCQAHGLTPEQVVAIASH:GGKQALETVQRLLPVLCQAHGLTPEQVVA
IASH I'GGKQALETVQRLLPVLCQAHGLTPEQVVAIASNGGGKQALETVQ
RLLPVLCQAHGLTPEQVVAIAS:GGKQALETVQRLLPVLCQAHGLTPEQ
VVAIASH GGKQALETVORLLPVLCQAHGLTPEQVVAIAS: {:GGKQALET

VOQRLLPVLCQAHGLTPEQVVAIAS: i *GGKQALETVQRLLPVLCQAHGLT

1 .
: ¥

PEQVVAIASHIIGGRPALESIV ADLSRPOPALAALTMNDHLYALACLOURPA

LIZAYVRKOIPHAPALIR R TRERIPEE TRHEVA

& a ’ "% L] o "1|_ 1 LI Y ) " . -
¥ 4 » P Y - o » » v e T . .
A1y . B m d oA ow s .
. . L R . ] LU T o L. '
+* + | ) ) e L 1-‘1..'-" . * E e » . LA -y -"-_-" L L ] L
e T S I e B A S T S B I I R T et IR S R il T el I

Figure 12
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TALE-TelR15 (SEQ ID NO: 5):

MATTHMGSGIHGVPAAVDERTLGY SOOOQEK PR VRS TV AGHREALVG
HOFTHAHIVALNOHPAALUTVAVEYODMIAALPEATHE AIVO VK OWSEO
ARALEALLTYAGELRGED O NTOOL LN IAKRGOVTAVEAVHAWRNALT
GAPLNLTPEQVVAIASHIGGKQALETVORLLPVLCQAHGLTPEQVVAIAS
| GGKQALETVQRLLPVLCQAHGLTPEQVVAIASt;:i:i? GGKQALETVQRLLP
VLCQAHGLTPEQVVAIAS ,,,,,,, “GGKQALETVQRLLPVLCQAHGLTPEQVVA
IASH 'GGKQALETVORLLPVLCOAHGLTPEQVVAIASNGGGKQALETVO
RLLPVLCOAHGLTPEQVVAIAS {GGKQALETVQRLLPVLCQAHGLTPEQ
VVAIAS~IGGKQALETVQRLLPVLCQAHGLTPEQVVAIASHIIGGKQALET

VQRLLPVLLQAHGLTPEQVVAIAS § -(JGKQALETVQRLLPVLCQAH(JLT

dddddd

ALETVQRLLPVLCQAH(JLTPEQVVAIAS _____ G(:KQALETVQRLLPVLCQAH
GLTPEQVVAIAS - IGGRPALESIVAQLSRPDPALAALTNDHLYALACLOGR
B ALDAVILGLPHAPA LR TRIGUPER TSHRY

Targeting Sequence: T4 24 15 14450 051 44 (SEQ ID NO: 14)

Figure 13
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TALE-TelR20 (SEQ ID NO: 6):

"‘*?f-iﬁ??d???a M“ﬁ"fs "E £ % f?“ﬁ si’ 3 ? 3* """ 4 ai’ Tﬂ""*-f? Ay Hﬁ?’a ? A ? T

VLCQAHGLTPEQVVAIAS GGKQALETVQRLLPVLCQAHGLTPEQVVA
IASHIGGKQALETVQRLLPVLCQAHGLTPEQVVAIASNGGGKQALETVQ
RLLPV LCQAHGLTPEQVVAIAS?: (JGKQALETVQRLLPVLCQAH(JLTPEQ
VVAIAS < iGGKQALETVQRLLPVLCQAHGLTPEQVVAIAS: i GGKQALET
VQRLLPVLCQAHGLTPEQWAIAS “GGKQALETVQRLLPVLCQAHGLT
PEQVVAIAS!:GGKQALETVQRLLPVLCQAHGLTPEQV VAIAS N{GGGKQ
ALETVQRLLPVLCQAHGLTPEQVVAIAS /GGKQALETVQRLLPVLCQAH
GLTPEQVVAIAS: GGKQALETVQRLLPVLCQAIIGLTPEQVVAIAS 5GG
KQALETVQRLLPVLCQAH(JLTPEQVVAIAS _______ GGKQALETVQRLLPVLC
QAHGLTPEQVVAIASE; GGKOALETVORLLPVLCOAHGLTPEQVVAIAS
_ ggGGKQALETVQRLLPVLCQAHGLTPEQVVAIAS---~ GGEPALESIVAOLS
REOPALAALTNGHL YV ALACLOGGREALDAVEKGLEHAPAL R TNRRIPER
%*«%“‘t

» » . v g e et ' * - L T R . P R K
! T * o “ g T » ) ' N e ' v “» . . T . % 'y
. - o L o o, . SRR ) e . < o .t T N T - < . T -
. 5 . . . . . . . . . . .
dr2Clin COQUCICC BRI TN S I ST T e A - . )
’ * "l" -',""IF" '-"-'1" 'I"."'F ""'!" !-r‘l"'!l - 'v " 'll-r"lll" lr’-ll"' l-"""' - "‘ll'"l ' '-"'!. L 11*' I,I"' e "I:I-."l". "l'-i vy '-"1‘ "o wr w0 W R L
A A O I I e B - T i B I O A - I - N N I T R R - 3 .

Figure 14
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TALE-Tell.20 (SEQ 1D NO: 7):

VR T LY SOOOOEK IR P VRS TY A HEALVOHOP THARIVALSOHPA
ALGTYS ‘*-«...m*“aﬁﬁa 4 AL ?"E- ATHEAIVOVOKOWSGARALE, ALLTVAGE! ?-
a’m?‘f GLOTGOLLKIAKRGOVIAVEAVHAWRNALTGAPLNLTPEQVVAIA
S GGKQALETVQRLLPVLCQAHGLTPEQ\/ VAIAS!HIGGKQALETVQRLL

lllll

EEEEEE

ﬂﬂﬂﬂﬂﬂﬂ

EEEEEEE

EEEEEE

iiiiiii

GKQALETVQRLLPVLCQ /—\HGLTPEQVVAIAS $5] GKQALETVQRLLPV
LCQAH(JLTPEQVVAIAS G(JKQALETVQRLLPVLLQAHGLTPEQVVAI

ﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂ

LLPVLCQ%HGLTPEQWAIAS (JG??‘ %? il E% A N ??5?? SLAALTNDIHL
YVALALLGUORPALDAVERGIPHAVALIK K TNERIPER T SHEVA

! - | - - LY. A N N e A | ML B 1 S T X L R a e NIRRT, o o
Tar i1 ' lence: B 4.8 88 A8 S8 A8 88 TR A EQ 1D NO:1
e T N i P i A : A i N - T T A T A T T R - S A : a
. ’ ‘l II "J l.‘ 'l .‘ 1'? 1." I'I' 1. i‘ l‘- i‘ E E E a‘ H H "J ." I". 1-" I‘I‘ l‘. 'i' ‘- 'i. .- I. .- J H H !I‘ ﬂ‘ -El- Il.. I' ‘l i‘ ‘- I. .. I. .i ..‘ 'I -.‘ I'I' ﬂ- ﬂ ﬂ E ﬁ i "_ -

Figure 15
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TALE-PanCen (SEQ 1D NO: 8):

VLR TLOYSOOOOFE PR VRS TV AGHHPEALVOGHOFTHAHIVALSOHPA
ALGTVAVEYODMIAALPEATHEAIVGYGROWSGARALEALLTVAGELR

m&*ﬂz} PITGOLLKIAKBGUVTAN EAVHAWENALTGAPT *LTPEQVVAIA
S ,,-_:f_;;.GGKQALETVQRLLPVLCQAHGLTPEQVVAIAS i 1IGGKQALETVQRLL
PVLCQAHGLTPEQVVAIAS:IGGKQALETVQRLLPVLCQAHGLTPEQVVA
IAS: i *GGKQALETVQRLLPVLCQAHGLTPEQVVAIAS! IGGKQALETVQR
LLPVLCQAHGLTPEQVVAIAS i GGKQALETVQRLLPVLCQAHGLTPEQ
VVAIAS IGGKQALETVQRLLPVLCQAHGLTPEQVVAIAS :GGKQALET
VORLLPVLCQAHGLTPEQVVAIAS! i GGKQALETVQRLLPYVLCQAHGLT
PFQVVAIAS::: ____ GGKQALFTVQRLLPVL( QAHGLTPFQVVALH GGKQA
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IGGKOALETVORLLPVLCOAHGLTPEQVVAIAS!H (JGKQALETVQRLLP
VL(,QAH(_ILTPFQVVAIAS GORPALESIVAC SRPIPALAALTNDHLS
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TALE-Cenl15 (SEQ ID NO: 9)

VLR TLGYSOGOOPRIKPK VRS TV AQHHEALVOHGFTHAHIVALSOHPA
ALGT upa-mm ‘.ﬁL CALPEATHEAIVGVONOWSGARALEALLTVAGELR

CGPPLOLDTGOLLKIAKRGOVTAVEAVHAWERNALTGAPLNLTPEQVVAIA
Siif -GGKQAI FTVQRI LPVL CQAHGLTPFQWAIA%»-‘-"G GKQALETVQRLL
PVLCQAHGLTPEQVVAIAS ,,,,,,, GGKQALETVQRLLPVLCQAHGLTPEQVV
QRLLPVLCQAHGLTPEQVVALAS,;,_g_.l,;-_;_.;;_‘GGKQALETVQRLLPVLCQAHGLTPE
QVVAIAS» i{GGKQALETVQRLLPVLCQAHGLTPEQVVAIASH IGGKQALE
TVQRLLPVLCQAHGLTPEQVVAIASHHGGKQALETVQRLLPVLCQAHGL
TPEQVVAIAS GGKQALETVQRLLPVLCQAHGLTPFQVVAIA‘S\{sGGKQ

HGLTPEQVVAIAS _______ GGKQALETVQRLLPVLCQAHGLTPEQVVAIAS%;

GGKOQALETVORLLPVLCOAHGLTPEQVVAIASH IGGKQALETVQRLLPVL
CQAHGLTPEQVVAIAS """" GGKQALETVQRLLPVLCQAHGLTPEQVVAIAS
' GGKQALETVQRLLPVLCQAHGLTPEQVVAIAS HGGKQALETVQRLL
PVLC QAHGLTPEQVVAIAS  IGGREALENIVAGLSEPOPALAALTHNDHIVA
LACLOGRPALDAVKNGLPHAPALIK R TNRRIPER TYHRV A

T t S T """""" _g’ EERER-EREN M EN X ( S EQ ID NO: 1 8)
al ge Irlg < qu CHCC. R L R R R e T T O R PR .
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TALE-Cenl8 (SEQ ID NO: 10):

VIVLRTEL h"’”f"miﬁ 3 :u,.,{ E"E-*"‘**E‘ a’?‘“ﬁ i HIBALVGHGE ‘5_;;73 VHEVALSOHPA '
ALV “x, VK YL HH AATRE "aHL AINVOVOKOWSHARL .g-f-f_-.;:zzzs_z.;z;-.:z- a;;y
GPPLOIDTOOLIRIAK m.-._-s» VEAVHAWENALTG @*a SNLTPEQVVAIA

SN MGGKQALETVQRL LPVLCQ MIGLTPEQV VAIAS?: GGKQALETVQRL

*****

ATAS} GGRQALETVQRLLPVLCQAHGLTPEQVVAIz\s _____ GGKQALETVQ
RLLPVLCQAHGLTPEQVVALAS _______ GGhQALETVQRLLPVLCQAHGLTPEQ

AR T AT, AT

hhhhh

JJJJJJ

(J(]KQALJ:,TVQRLLPvLcQAHULTPEQvvAlAb;,.;_,;E:;:-,_-;.(I(JKQALI:TVQRLL-Pv
LC QAHGLTPEQVVAL&S‘* *GGKQALETVQRL LPVLCQ AHGLTPEQVVAIA
______ GGKQALETVQRLL
PVLCQAHGLTPEQVVAIAS GGifjfw_w 1y ;U;"i POFALAALTNDHL
AL ACLGORPALDAVKK L PHAPALIKE TRRBIPERTSHRV A

111111

Targeting Sequence: TE4:. SELETOAA04 (SEQ ID NO: 19)

llllllllllllllllllllllllllllll
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HYBRIDIZATION- INDEPENDENT
LABELING OF REPETITIVE DNA
SEQUENCE IN HUMAN CHROMOSOMES

FIELD OF INVENTION D

The present invention i1s related to compositions and
methods for detecting sequence-specific chromosomal sites.
For example, such methods and compositions are usetul to
detect repeated nucleic acid sequences 1 chromosomal
telomeres and/or centromeres. The invention 1s also related
to labeled Transcription activator-like eflectors that might be
used as probes to detect DNA sequences 1n cell preparations
without DNA denaturation.

10

15

BACKGROUND

The presence or localization of specific DNA sequences in
human chromosomes can be detected 1n chemically fixed ,,
cells by In Situ Hybridization (ISH), a method based on
complementary base-pairing between the target sequence
and an oligonucleotide probe that carries a detectable tag
(e.g., a fluorescent dye). However, the DNA hybridization
protocol 1s time-consuming and the oligonucleotide probes 25
are costly. Furthermore, ISH 1s normally applicable to fixed
cells and 1s challenging to apply in live cells when desired
due to the stringent conditions of hybridization which are
not physiological. Live cell imaging would be required for
observation of the intranuclear movements or rearrange- -Y
ments of a given chromosomal region that contains the array
of DNA sequence(s) being targeted, and would allow 1inves-
tigation of how such movements or rearrangement may
result in human diseases.

“TALEN” (*““Transcriptional Activator-Like Eilector
Nuclease™) 1s a recently introduced method that allows
specific DNA sequences to be targeted by a molecular
mechanism that does not 1volve pairing between comple-
mentary bases in the DNA and the probe. Instead, unique ,,
arrays ol amino acids are incorporated mnto a peptide to
confer upon it a high specificity for binding to a particular
DNA sequence. To date, the major application of this
method has been to site-specifically direct the cutting of
DNA 1nside cells to allow the deletion/insertion/mutation, at 45
the cut site, of a new DNA element (“genomic engineer-
ing”’). This 1s achieved by tethering to the peptide a DNA-

cutting enzyme (the “Effector Nuclease” in the method’s
acronym) whose action 1s thus directed specifically to that
DNA site. 50

What 1s need 1n the art are compositions and methods to
detect chromosomal sites by direct binding of labeled pro-
tein sequences that are devoid of nuclease activity.

35

[T

SUMMARY OF THE INVENTION 55

The present invention 1s related to compositions and
methods for detecting chromosomal loci 1n a sequence-
dependent manner. For example, such methods and compo-
sitions are useful to detect repeated nucleic acid sequences 60
in chromosomal telomeres and/or centromeres. The inven-
tion 1s also related to labeled Transcription activator-like
cllectors that might be used as probes to detect DNA
sequences 1n cell preparations without DNA denaturation.

In one embodiment, the present invention contemplates a 65
transcriptional activator-like effector (TALE) protein com-
prising a plurality of repeat amino acid sequences, wherein

2

said TALE protein 1s not coupled to a nuclease. In one
embodiment, the repeat amino acid sequences include, but
are not limited to,

(SEQ ID NO: 24)
LTPEQVVAIASNIGGKQALETVORLLPVLCQAHG,

(SEQ ID NO: 1)
LTPEQVVAIASHDGGKQALETVORLLPVLCQOAHG,

(SEQ ID NO: 25)
LTPEQVVAIASNGGGKQALETVORLLPVLCQAHG,

(SEQ ID NO: 24)
LTPEQVVAIASNIGGKQALETVORLLPVLCOAHG,

(SEQ ID NO: 1)
LTPEQVVAIASHDGGKQALETVORLLPVLCQAHG,

(SEQ ID NO: 1)
LTPEQVVAIASHDGGKQOALETVORLLPVLCQAHG,

(SEQ ID NO: 25)
LTPEQVVAIASNGGGKOALETVORLLPVLCQAHG,

(SEQ ID NO: 24)
LTPEOVVAIASNIGGKOALETVORLLPVLCQOAHG,
and

(SEQ ID NO: 26)
LTPEQVVAIASNIGG.

In one embodiment, the TALE protein comprises SEQ 1D

NO:2. In one embodiment, the TALE protein comprises
SEQ ID NO:3. In one embodiment, the TALE protein

comprises SEQ ID NO:4. In one embodiment, the TALE
protein comprises SEQ ID NO:3. In one embodiment, the
TALE protein comprises SEQ ID NO:6. In one embodiment,
the TALE protein comprises SEQ ID NO:7/. In one embodi-
ment, the TALE protein has specific athnity for a telomere
nucleic acid target sequence.

In one embodiment, the present mvention contemplates a
transcriptional activator-like effector (TALE) protein com-
prising a plurality of repeat amino acid sequences, wherein
said TALE protein 1s not coupled to a nuclease. In one
embodiment, the plurality of amino acid sequences are
selected from the group consisting of

(SEQ ID NO: 25)
LTPEQOVVAIASNGGCGKOALETVORLLPVLCQAHG,

(SEQ ID NO: 27)
LTPEQVVAIASNHGGKOALETVORLLPVLCQAHG,

(SEQ ID NO: 24)
LTPEQVVAIASNIGGKQALETVORLLPVLCQAHG,

(SEQ ID NO: 1)
LTPEQVVAIASHDGGKQOALETVORLLPVLCQAHG,

(SEQ ID NO: 24)
LTPEQVVAIASNIGGKOALETVORLLPVLCQAHG,

(SEQ ID NO: 1)
LTPEQVVAIASHDGGKQALETVORLLPVLCQAHG,

(SEQ ID NO: 27)
LTPEQVVAIASNHGGKOALETVORLLPVLCQAHG,

(SEQ ID NO: 25)
LTPEQVVAIASNGGEGKQALETVORLLPVLCQAHG,

(SEQ ID NO: 25)
LTPEQVVAIASNGGGKOALETVORLLPVLCQAHG,
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-continued

(SEQ ID NO: 27)
LTPEQVVAIASNHGGKOALETVORLLPVLCOAHG,

(SEQ ID NO: 24)
LTPEQVVAIASNI GGKQALETVORLLPVLCQAHG,

(SEQ ID NO: 27)
LTPEQVVAIASNHGGKQALETVORLLPVLCQAHG,
and

(SEQ ID NO: 29)
LTPEQVVAIASNHGG .

In one embodiment, the TALE protein comprises SEQ 1D

NO:8. In one embodiment, the TALE protein comprises
SEQ ID NO:9. In one embodiment, the TALE protein

comprises SEQ ID NO:10. In one embodiment, the TALE
protein has specific atlinity for a centromere nucleic acid
target sequence. In one embodiment, the TALE protein 1s
attached to a fluorescent protein. In one embodiment, the
fluorescent protein 1s a green fluorescent protein. In one
embodiment, the fluorescent protein 1s an mCherry protein.

In one embodiment, the present invention contemplates a
telomere target nucleic acid sequence including, but not
limited to, TAACCC (SEQ ID NO: 11), TAACCCTAA
(SEQ ID NO:12), TAACCCTAACCC (SEQ ID NO: 13),
TAACCCTAACCCTAA (SEQ ID NO: 14), TAAC-
CCTAACCCTAACCCTA (SEQ ID NO: 15), and TAGGGT-
TAGGGTTAGGGTTA (SEQ ID NO. 16).

In one embodiment, the present invention contemplates a
centromere target nucleic acid sequence including, but not
limited to, TAGACAGAAGCATTCTCAGA (SEQ ID NO:
17), TCACTTCAAGATTCTACGGA (SEQ ID NO: 18),
TTGAACCACCGTTTITGAAGG (SEQ ID NO:19).

In one embodiment, the present invention contemplates a
composition comprising a peptide linked to a fluorescent
protein and not attached to a nuclease, wherein said peptide
1s bound to a telomere target nucleic acid sequence. In one

embodiment, the target nucleic acid sequence includes, but
1s not limited to, TAACCC (SEQ ID NO: 11), TAAC-

CCTAA (SEQ ID NO:12), TAACCCTAACCC (SEQ ID
NO: 13), TAACCCTAACCCTAA (SEQ ID NO: 14),
TAACCCTAACCCTAACCCTA (SEQ ID NO: 15), and
TAGGGTTAGGGTTAGGGTTA (SEQ ID NO. 16). In one
embodiment, the peptide includes, but 1s not limited to, SEQ
ID NO:2, SEQ ID NO:3, SEQ ID NO:4, SEQ ID NO:5, SEQ
ID NO:6, and SEQ ID NO:7. In one embodiment, the
telomere target nucleic acid sequence comprises double
stranded deoxyribonucleic acid. In one embodiment, the
composition further comprises a live cell. In one embodi-
ment, the composition further comprises a fixed cell.

In one embodiment, the present invention contemplates a
composition comprising a peptide linked to a fluorescent
protein and not attached to a nuclease, wherein said peptide
1s bound to a centromere target nucleic acid sequence. In one
embodiment, the target nucleic acid sequence includes, but
1s not limited to, TAGACAGAAGCATTCTCAGA (SEQ ID
NO: 17), TCACTTCAAGATTCTACGGA (SEQ ID NO:
18), TTGAACCACCGTTTTGAAGG (SEQ ID NO:19). In
one embodiment, the peptide includes, but 1s not limited to,
SEQ ID NO: 8, SEQ ID NO: 9 and SEQ ID NO: 10. In one
embodiment, the target nucleic acid sequence 1s located a
human chromosome including, but not limited to, chromo-
some 15, chromosome 18 and/or chromosome 21. In one
embodiment, the centromere target nucleic acid sequence
comprises double stranded deoxyribonucleic acid. In one
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embodiment, the composition further comprises a live cell.
In one embodiment, the composition further comprises a

fixed cell.

DEFINITIONS

The term “about” as used herein, 1n the context of any of
any assay measurements refers to +/-5% of a given mea-
surement.

The term “aflinity” as used herein, refers to any attractive
force between substances or particles that causes them to
enter mto and remain in chemical combination. For
example, an inhibitor compound that has a high affinity for
a receptor will provide greater eflicacy in preventing the
receptor from interacting with its natural ligands, than an
inhibitor with a low afhnity.

The term “derived from™ as used herein, refers to the
source ol a compound or sequence. In one respect, a
compound or sequence may be derived from an organism or
particular species. In another respect, a compound or
sequence may be dertved from a larger complex or
sequence.

The term “protein” as used herein, refers to any of
numerous naturally occurring extremely complex sub-
stances (as an enzyme or antibody) that consist of amino
acid residues joined by peptide bonds, contain the elements
carbon, hydrogen, nitrogen, oxygen, usually sulfur. In gen-
eral, a protein comprises amino acids having an order of
magnitude within the hundreds.

The term “peptide” as used herein, refers to any of various
amides that are derived from two or more amino acids by
combination of the amino group of one acid with the
carboxyl group of another and are usually obtained by
partial hydrolysis of proteins. In general, a peptide com-
prises amino acids having an order of magnitude with the
tens.

The term “polypeptide”, refers to any of various amides
that are derived from two or more amino acids by combi-
nation of the amino group of one acid with the carboxyl
group ol another and are usually obtained by partial hydro-
lysis of proteins. In general, a peptide comprises amino acids
having an order of magnitude with the tens or larger.

The term “pharmaceutically” or “pharmacologically
acceptable”, as used herein, refer to molecular entities and
compositions that do not produce adverse, allergic, or other
untoward reactions when administered to an animal or a
human.

The term, “purified” or “isolated”, as used herein, may
refer to a peptide composition that has been subjected to
treatment (1.e., for example, fractionation) to remove various
other components, and which composition substantially
retains its expressed biological activity. Where the term
“substantially purified” 1s used, this designation will refer to
a composition 1 which the protein or peptide forms the
major component of the composition, such as constituting
about 50%, about 60%, about 70%, about 80%, about 90%,
about 95% or more of the composition (1.e., for example,
weight/weight and/or weight/volume). The term “purified to
homogeneity” 1s used to include compositions that have
been purified to ‘apparent homogeneity” such that there 1s
single protein species (1.e., for example, based upon SDS-
PAGE or HPLC analysis). A purified composition 1s not
intended to mean that some trace impurities may remain.

As used herein, the term “substantially purified” refers to
molecules, either nucleic or amino acid sequences, that are
removed from their natural environment, 1solated or sepa-
rated, and are at least 60% {1ree, preterably 75% 1iree, and
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more preferably 90% free from other components with
which they are naturally associated. An “1solated polynucle-
otide™ 1s therefore a substantially purified polynucleotide.

“Nucleic acid sequence” and “nucleotide sequence™ as
used herein refer to an oligonucleotide or polynucleotide,
and fragments or portions thereof, and to DNA or RNA of
genomic or synthetic origin which may be single- or double-
stranded, and represent the sense or antisense strand.

The term “an 1solated nucleic acid”, as used herein, refers
to any nucleic acid molecule that has been removed from its
natural state (e.g., removed from a cell and 1s, 1n a preferred
embodiment, free of other genomic nucleic acid).

The terms “amino acid sequence” and “polypeptide
sequence’” as used herein, are interchangeable and to refer to
a sequence of amino acids.

As used herein the term “portion” when in reference to a
protein (as 1n “a portion of a given protein”) refers to
fragments of that protein. The fragments may range 1n size
from four amino acid residues to the entire amino acid
sequence minus one amino acid.

The term “portion” when used 1n reference to a nucleotide
sequence refers to fragments of that nucleotide sequence.
The fragments may range in size from 5 nucleotide residues
to the entire nucleotide sequence minus one nucleic acid
residue.

The terms “specific binding” or “specifically binding”
when used 1n reference to the interaction of an nucleic acid
and a protein or peptide means that the interaction 1is
dependent upon the presence of a particular structure (i.e.,
for example, an antigenic determinant or epitope) on a
protein.

As used herein, the term “antisense” 1s used in reference
to RNA sequences which are complementary to a specific
RNA sequence (e.g., mRNA). Antisense RNA may be
produced by any method, including synthesis by splicing the
gene(s) ol interest 1n a reverse orientation to a viral promoter
which permits the synthesis of a coding strand. Once intro-
duced into a cell, this transcribed strand combines with
natural mRNA produced by the cell to form duplexes. These
duplexes then block either the further transcription of the
mRNA or its translation. In this manner, mutant phenotypes
may be generated. The term “antisense strand” 1s used in
reference to a nucleic acid strand that 1s complementary to

the “sense” strand. The designation (-) (1.e., “negative”) 1s
sometimes used 1n reference to the antisense strand, with the
designation (+) sometimes used in reference to the sense
(1.e., “positive”) strand.

The term “sample” as used herein 1s used 1n 1ts broadest
sense and includes environmental and biological samples.
Environmental samples include material from the environ-
ment such as soil and water. Biological samples may be
amimal, including, human, fluid (e.g., blood, plasma and
serum), solid (e.g., stool), tissue, liqud foods (e.g., milk),
and solid foods (e.g., vegetables). For example, a pulmonary
sample may be collected by bronchoalveolar lavage (BAL)
which comprises fluid and cells derived from lung tissues. A
biological sample may comprise a cell, tissue extract, body
fluid, chromosomes or extrachromosomal elements 1solated
from a cell, genomic DNA (1in solution or bound to a solid
support such as for Southern blot analysis), RNA (in solution
or bound to a solid support such as for Northern blot
analysis), cDNA (1n solution or bound to a solid support) and
the like.

The term “functionally equivalent codon™, as used herein,
refers to different codons that encode the same amino acid.
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This phenomenon 1s often referred to as “degeneracy’ of the
genetic code. For example, six different codons encode the
amino acid arginine.

A “varniant” of a protein 1s defined as an amino acid
sequence which differs by one or more amino acids from a
polypeptide sequence or any homolog of the polypeptide
sequence. The variant may have “conservative” changes,
wherein a substituted amino acid has similar structural or
chemical properties, e.g., replacement of leucine with 1so0-
leucine. More rarely, a variant may have “nonconservative”
changes, ¢.g., replacement of a glycine with a tryptophan.
Similar minor variations may also include amino acid dele-
tions or insertions (i.e., additions), or both. Guidance in
determining which and how many amino acid residues may
be substituted, inserted or deleted without abolishing bio-
logical or immunological activity may be found using com-
puter programs including, but not limited to, DNAStar®
software.

A “vanant” of a nucleotide 1s defined as a novel nucleo-
tide sequence which differs from a reference oligonucleotide
by having deletions, msertions and substitutions. These may
be detected using a variety of methods (e.g., sequencing,
hybridization assays etc.).

A “deletion” 1s defined as a change 1n either nucleotide or
amino acid sequence in which one or more nucleotides or
amino acid residues, respectively, are absent.

An “msertion” or “addition” 1s that change 1n a nucleotide
or amino acid sequence which has resulted in the addition of
one or more nucleotides or amino acid residues, respec-
tively.

A “substitution” results from the replacement of one or
more nucleotides or amino acids by different nucleotides or
amino acids, respectively.

The term “derivative” as used herein, refers to any chemi-
cal modification of a nucleic acid or an amino acid. Illus-
trative of such modifications would be replacement of
hydrogen by an alkyl, acyl, or amino group. For example, a
nucleic acid derivative would encode a polypeptide which
retains essential biological characteristics.

As used herein, the terms “complementary” or “comple-
mentarity” are used in reference to “polynucleotides™ and
“oligonucleotides” (which are interchangeable terms that
refer to a sequence of nucleotides) related by the base-
pairing rules. For example, the sequence “C-A-G-T,” 1s
complementary to the sequence “G-T-C-A.” Complemen-
tarity can be “partial” or *“total.” “Partial” complementarity
1s where one or more nucleic acid bases 1s not matched
according to the base pairing rules. “Total” or “complete”
complementarity between nucleic acids 1s where each and
every nucleic acid base 1s matched with another base under
the base pairing rules. The degree of complementarity
between nucleic acid strands has significant effects on the
elliciency and strength of hybridization between nucleic acid
strands. This 1s of particular importance in amplification
reactions, as well as detection methods which depend upon
binding between nucleic acids.

The terms “homology” and “homologous™ as used herein
in reference to nucleotide sequences refer to a degree of
complementarity with other nucleotide sequences. There
may be partial homology or complete homology (i.e., 1den-
tity). A nucleotide sequence which 1s partially complemen-
tary, 1.e., “‘substantially homologous,” to a nucleic acid
sequence 1s one that at least partially inhibits a completely
complementary sequence from hybridizing to a target
nucleic acid sequence. The inhibition of hybridization of the
completely complementary sequence to the target sequence
may be examined using a hybridization assay (Southern or
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Northern blot, solution hybridization and the like) under
conditions of low stringency. A substantially homologous
sequence or probe will compete for and 1nhibit the binding
(1.e., the hybridization) of a completely homologous
sequence to a target sequence under conditions of low
stringency. This 1s not to say that conditions of low strin-
gency are such that non-specific binding 1s permitted; low
stringency conditions require that the binding of two
sequences to one another be a specific (1.e., selective)
interaction. The absence of non-specific binding may be
tested by the use of a second target sequence which lacks
even a partial degree of complementarity (e.g., less than
about 30% 1dentity); in the absence ol non-specific binding
the probe will not hybridize to the second non-complemen-
tary target.

The terms “homology” and “homologous™ as used herein
in reference to amino acid sequences refer to the degree of
identity of the primary structure between two amino acid
sequences. Such a degree of i1dentity may be directed a
portion of each amino acid sequence, or to the entire length
of the amino acid sequence. Two or more amino acid
sequences that are “substantially homologous” may have at
least 50% 1dentity, preferably at least 75% identity, more
preferably at least 85% identity, most preferably at least
95%, or 100% 1dentity.

An oligonucleotide sequence which 1s a “homolog” 1s
defined herein as an oligonucleotide sequence which exhib-
its greater than or equal to 50% 1dentity to a sequence, when
sequences having a length of 100 bp or larger are compared.

As used herein, the term “probe” refers; to any protein,
amino acid sequence or amino acid pair, which 1s capable of
attaching to a nucleic acid sequence of interest. Probes are
useiul 1n the detection, i1dentification and isolation of par-
ticular gene sequences. It 1s contemplated that any probe
used in the present mvention will be labeled with any
“reporter molecule,” so that 1s detectable 1n any detection
system, including, but not limited to enzyme (e.g., ELISA,
as well as enzyme-based histochemical assays), fluorescent,
radioactive, and luminescent systems. It 1s not intended that
the present invention be limited to any particular detection
system or label.

DNA molecules are said to have “5' ends™ and “3' ends™
because mononucleotides are reacted to make oligonucle-
otides 1n a manner such that the 5' phosphate of one
mononucleotide pentose ring 1s attached to the 3' oxygen of
its neighbor in one direction via a phosphodiester linkage.
Theretfore, an end of an oligonucleotide 1s referred to as the
“3"end” 1f 1ts 3' phosphate 1s not linked to the 3' oxygen of
a mononucleotide pentose ring. An end of an oligonucle-
otide 1s referred to as the “3' end” 1f 1ts 3' oxygen 1s not
linked to a 3' phosphate of another mononucleotide pentose
ring. As used herein, a nucleic acid sequence, even 11 internal
to a larger oligonucleotide, also may be said to have 3" and
3" ends. In either a linear or circular DNA molecule, discrete
clements are referred to as being “upstream” or 3' of the
“downstream™ or 3' elements. This terminology reflects the
fact that transcription proceeds 1n a 5' to 3' fashion along the
DNA strand. The promoter and enhancer elements which
direct transcription of a linked gene are generally located 5
or upstream of the coding region. However, enhancer ele-
ments can exert their effect even when located 3' of the
promoter element and the coding region. Transcription ter-
mination and polyadenylation signals are located 3' or
downstream of the coding region.

As used herein, the term “an oligonucleotide having a
nucleotide sequence encoding a gene” means a nucleic acid
sequence comprising the coding region of a gene, 1.e. the
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nucleic acid sequence which encodes a gene product. The
coding region may be present in a cDNA, genomic DNA or
RNA form. When present in a DNA form, the oligonucle-
otide may be single-stranded (i.e., the sense strand) or
double-stranded. Suitable control elements such as enhanc-
ers/promoters, splice junctions, polyadenylation signals, etc.
may be placed in close proximity to the coding region of the
gene 1 needed to permit proper initiation of transcription
and/or correct processing ol the primary RNA transcript.
Alternatively, the coding region utilized 1n the expression
vectors of the present invention may contain endogenous
enhancers/promoters,  splice  junctions, 1intervening
sequences, polyadenylation signals, etc. or a combination of
both endogenous and exogenous control elements.

As used herein, the term “regulatory element” refers to a
genetic element which controls some aspect of the expres-
s1on of nucleic acid sequences. For example, a promoter 1s
a regulatory element which facilitates the initiation of tran-
scription of an operably linked coding region. Other regu-
latory elements are splicing signals, polyadenylation signals,
termination signals, etc.

The term “in operable combination™ as used herein, refers
to any linkage of nucleic acid sequences 1n such a manner
that a nucleic acid molecule capable of directing the tran-
scription of a given gene and/or the synthesis of a desired
protein molecule 1s produced. Regulatory sequences may be
operably combined to an open reading frame including but
not limited to 1nitiation signals such as start (1.e., ATG) and
stop codons, promoters which may be constitutive (1.e.,
continuously active) or inducible, as well as enhancers to
increase the efliciency of expression, and transcription ter-
mination signals.

Transcriptional control signals in eukaryotes comprise
“promoter” and “enhancer” elements. Promoters and
enhancers consist of short arrays of DNA sequences that
interact specifically with cellular proteins mvolved in tran-
scription. Mamiatis, 1. et al., Science 236:12377 (1987).
Promoter and enhancer elements have been 1solated from a
variety of eukaryotic sources including genes 1n plant, yeast,
insect and mammalian cells and viruses (analogous control
clements, 1.¢., promoters, are also found 1n prokaryotes). The
selection of a particular promoter and enhancer depends on
what cell type 1s to be used to express the protein of interest.

The presence of “splicing signals” on an expression
vector often results 1 higher levels of expression of the
recombinant transcript. Splicing signals mediate the removal
of itrons from the primary RNA transcript and consist of a
splice donor and acceptor site. Sambrook, J. et al., In:
Molecular Cloning: A Laboratory Manual, 2nd ed., Cold
Spring Harbor laboratory Press, New York (1989) pp. 16.7-
16.8. A commonly used splice donor and acceptor site 1s the
splice junction from the 165 RNA of SV40.

The term “poly A site” or “poly A sequence” as used
herein denotes a DNA sequence which directs both the
termination and polyadenylation of the nascent RNA tran-
script. Ellicient polyadenylation of the recombinant tran-
script 1s desirable as transcripts lacking a poly A tail are
unstable and are rapidly degraded. The poly A signal utilized
in an expression vector may be “heterologous” or “endog-
enous.” An endogenous poly A signal 1s one that 1s found
naturally at the 3' end of the coding region of a given gene
in the genome. A heterologous poly A signal 1s one which 1s
isolated from one gene and placed 3' of another gene.
Efficient expression ol recombinant DNA sequences 1n
cukaryotic cells mvolves expression of signals directing the
cllicient termination and polyadenylation of the resulting
transcript. Transcription termination signals are generally
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found downstream of the polyadenylation signal and are a
few hundred nucleotides 1n length.

The term “transfection” or “transiected” refers to the
introduction of foreign DNA 1nto a cell.

As used herein, the terms “nucleic acid molecule encod-
ing”, “DNA sequence encoding,” and “DNA encoding” refer
to the order or sequence ol deoxyribonucleotides along a
strand of deoxyribonucleic acid. The order of these deoxy-
ribonucleotides determines the order of amino acids along
the polypeptide (protein) chain. The DNA sequence thus
codes for the amino acid sequence.

The term “Southern blot” refers to the analysis of DNA on
agarose or acrylamide gels to fractionate the DNA according
to size, followed by transter and immobilization of the DNA
from the gel to a solid support, such as nitrocellulose or a
nylon membrane. The immobilized DNA is then probed with
a labeled oligodeoxyribonucleotide probe or DNA probe to
detect DNA species complementary to the probe used. The
DNA may be cleaved with restriction enzymes prior to
clectrophoresis. Following electrophoresis, the DNA may be
partially depurinated and denatured prior to or during trans-
ter to the solid support. Southern blots are a standard tool of
molecular biologists. J. Sambrook et al. (1989) In: Molecu-
lay Cloning: A Laboratory Manual, Cold Spring Harbor
Press, NY, pp 9.31-9.58.

The term “Northern blot” as used herein refers to the
analysis of RNA by electrophoresis of RNA on agarose gels
to fractionate the RNA according to size followed by trans-
fer of the RNA from the gel to a solid support, such as
nitrocellulose or a nylon membrane. The immobilized RNA
1s then probed with a labeled oligodeoxyribonucleotide
probe or DNA probe to detect RNA species complementary
to the probe used. Northern blots are a standard tool of

molecular biologists. J. Sambrook, I. et al. (1989) supra, pp
7.39-7.52.

The term “reverse Northern blot” as used herein refers to
the analysis of DNA by electrophoresis of DNA on agarose
gels to fractionate the DNA on the basis of size followed by
transier of the fractionated DNA from the gel to a solid
support, such as nitrocellulose or a nylon membrane. The
immobilized DNA 1s then probed with a labeled oligoribo-
nucleotide probe or RNA probe to detect DNA species
complementary to the ribo probe used.

As used herein the term “coding region” when used 1n
reference to a structural gene refers to the nucleotide
sequences which encode the amino acids found in the
nascent polypeptide as a result of translation of a mRNA
molecule. The coding region 1s bounded, 1n eukaryotes, on
the 5' side by the nucleotide triplet “ATG” which encodes the
initiator methiomine and on the 3' side by one of the three
triplets which specity stop codons (1.e., TAA, TAG, TGA).

As used herein, the term “structural gene” refers to a DNA
sequence coding for RNA or a protein. In contrast, “regu-
latory genes™ are structural genes which encode products
which control the expression of other genes (e.g., transcrip-
tion factors).

As used herein, the term “gene” means the deoxyribo-
nucleotide sequences comprising the coding region of a
structural gene and including sequences located adjacent to
the coding region on both the 5' and 3' ends for a distance
of about 1 kb on either end such that the gene corresponds
to the length of the full-length mRNA. The sequences which
are located 3' of the coding region and which are present on
the mRNA are referred to as 5' non-translated sequences.
The sequences which are located 3' or downstream of the
coding region and which are present on the mRNA are
referred to as 3' non-translated sequences. The term “gene”
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encompasses both cDNA and genomic forms of a gene. A
genomic form or clone of a gene contains the coding region
interrupted with non-coding sequences termed “introns” or
“intervening regions’ or “intervening sequences.” Introns
are segments of a gene which are transcribed into hetero-
geneous nuclear RNA (hnRINA); introns may contain regu-
latory elements such as enhancers. Introns are removed or
“spliced out” from the nuclear or primary transcript; introns
therefore are absent in the messenger RNA (mRNA) tran-
script. The mRNA functions during translation to specily the
sequence or order of amino acids 1n a nascent polypeptide.

In addition to containing introns, genomic forms of a gene
may also include sequences located on both the 5' and 3" end
of the sequences which are present on the RNA transcript.
These sequences are referred to as “flanking” sequences or
regions (these flanking sequences are located 5' or 3' to the
non-translated sequences present on the mRNA transcript).
The 5' flanking region may contain regulatory sequences
such as promoters and enhancers which control or influence
the transcription of the gene. The 3' flanking region may
contain sequences which direct the termination of transcrip-
tion, posttranscriptional cleavage and polyadenylation.

The term ““label” or “detectable label” are used herein, to
refer to any composition detectable by spectroscopic, pho-
tochemical, biochemical, immunochemical, electrical, opti-
cal or chemical means. Such labels 1include biotin for stain-
ing with labeled streptavidin conjugate, magnetic beads
(e.g., Dynabeads®), fluorescent dyes (e.g., fluorescein, texas
red, rhodamine, green fluorescent protein, and the like),
radiolabels (e.g., °H, '*°1, °°S, *C, or °*P), enzymes (e.g.,
horse radish peroxidase, alkaline phosphatase and others
commonly used 1n an ELISA), and calorimetric labels such
as colloidal gold or colored glass or plastic (e.g., polysty-
rene, polypropylene, latex, etc.) beads. Patents teaching the
use of such labels include, but are not limited to, U.S. Pat.
Nos. 3,817,837; 3,850,752; 3,939,350; 3,996,345; 4,277,
4377, 4,275,149; and 4,366,241 (all herein incorporated by
reference). The labels contemplated in the present invention
may be detected by many methods. For example, radiolabels
may be detected using photographic film or scintillation
counters, fluorescent markers may be detected using a
photodetector to detect emitted light. Enzymatic labels are
typically detected by providing the enzyme with a substrate
and detecting, the reaction product produced by the action of
the enzyme on the substrate, and calorimetric labels are
detected by simply visualizing the colored label.

The terms “binding component™, “molecule of interest”,
“agent of interest”, “ligand” or “receptor” as used herein
may be any of a large number of different molecules,
biological cells or aggregates, and the terms are used inter-
changeably. Each binding component may be immobilized
on a solid substrate and binds to an analyte being detected.
Proteins, polypeptides, peptides, nucleic acids (nucleotides,
oligonucleotides and polynucleotides), antibodies, ligands,
saccharides, polysaccharides, microorganisms such as bac-
teria, fungi and viruses, receptors, antibiotics, test com-
pounds (particularly those produced by combinatorial chem-
1stry), plant and animal cells, organdies or fractions of each
and other biological entities may each be a binding compo-
nent. Fach, 1n turn, also may be considered as analytes it
same bind to a binding component on a chip.

The term “bind” as used herein, includes any physical
attachment or close association, which may be permanent or
temporary. Generally, an interaction of hydrogen bonding,
hydrophobic forces, van der Waals forces, covalent and 10onic
bonding etc., facilitates physical attachment between the
molecule of interest and the analyte being measuring. The
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“binding” interaction may be brief as in the situation where
binding causes a chemical reaction to occur. That 1s typical
when the binding component 1s an enzyme and the analyte
1s a substrate for the enzyme. Reactions resulting from
contact between the binding agent and the analyte are also
within the definition of binding for the purposes of the
present mvention.

The term “luminescence” and/or “fluorescence”, as used
herein, refers to any process of emitting electromagnetic
radiation (light) from an object, chemical and/or compound.
Luminescence results from a system which 1s “relaxing”
from an excited state to a lower state with a corresponding
release of energy in the form of a photon. These states can
be electronic, vibronic, rotational, or any combination of the
three. The transition responsible for luminescence can be
stimulated through the release of energy stored 1n the system
chemically or added to the system from an external source.
The external source of energy can be of a variety of types
including chemical, thermal, electrical, magnetic, electro-
magnetic, physical or any other type capable of causing a
system to be excited 1nto a state higher than the ground state.
For example, a system can be excited by absorbing a photon
of light, by being placed 1n an electrical field, or through a
chemical oxidation-reduction reaction. The energy of the
photons emitted during luminescence can be 1n a range from
low-energy microwave radiation to high-energy x-ray radia-
tion. Typically, luminescence refers to photons in the range
from UV to IR radiation. The term “suspected of having”, as
used herein, refers a medical condition or set of medical
conditions (e.g., preliminary symptoms) exhibited by a
patient that 1s 1nsuf1c1ent to provide a differential diagnosis.
Nonetheless, the exhibited condition(s) would justily further
testing (e.g., autoantibody testing) to obtain further infor-
mation on which to base a diagnosis.

The term ““at risk for” as used herein, refers to a medical
condition or set of medical conditions exhibited by a patient
which may predispose the patient to a particular disease or
aflliction. For example, these conditions may result from
influences that include, but are not limited to, behavioral,
emotional, chemical, biochemical, or environmental 1nflu-
ences.

The term “symptom”, as used herein, refers to any sub-
jective or objective evidence of disease or physical distur-
bance observed by the patient. For example, subjective
evidence 1s usually based upon patient self-reporting and
may include, but 1s not limited to, pain, headache, visual
disturbances, nausea and/or vomiting. Alternatively, objec-
tive evidence 1s usually a result of medical testing including,
but not limited to, body temperature, complete blood count,
lipid panels, thyroid panels, blood pressure, heart rate,
clectrocardiogram, tissue and/or body 1maging scans.

The term “disease” or “medical condition”, as used
herein, refers to any impairment of the normal state of the
living animal or plant body or one of 1ts parts that interrupts
or modifies the performance of the vital functions. Typically
manifested by distinguishing signs and symptoms, 1t 1s
usually a response to: 1) environmental factors (as malnu-
trition, industrial hazards, or climate); 11) specific infective
agents (as worms, bacteria, or viruses); 111) inherent defects
of the organism (as genetic anomalies); and/or 1v) combi-
nations of these factors.

The term “patient” or “subject”, as used herein, 1s a
human or animal and need not be hospitalized. For example,
out-patients, persons in nursing homes are “patients.” A
patient may comprise any age ol a human or non-human
amimal and therefore includes both adult and juveniles (i.e.,
chuldren). It 1s not intended that the term “patient” connote
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a need for medical treatment, therefore, a patient may
voluntarily or involuntarily be part of experimentation
whether clinical or in support of basic science studies.

BRIEF DESCRIPTION OF THE FIGURES

FIG. 1 presents an 1llustration of telomere detection by

TALEColor.

FIG. 1A: TALEColor probes were designed to target
either strand of the telomere repeat by fusion of various
fluorescent proteins at C-terminus.

FIG. 1B: U20S cells were co-transtected with pairs of
TALE-fluorescent proteins and labeling was assessed in the
live cells 24 hours later 1n the appropriate spectral channels

of the microscopy system. Top row: TALECerulean-TellL20
(middle left) and TALEVenus-TelR20 (middle right).

Middle row: TALEVenus-TellL20 (middle left) and
TALECerulean-TelR20 (middle right). Bottom row:
TALEVenus-TelL.20 (middle left) and TALEmCherry-
TelR20 (middle right). The left vertical column of panels are
the phase-contrast images and the right column are the

two-color overlays respectively. Scale bar, 5 um.

FIG. 2 presents exemplary data of TALE-FP labeled
telomeres 1n fixed cells.

FIG. 2A: Diagram of TALEGreen-TellL15.

FIG. 2B: U20S cells were fixed in 90% methanol and
incubated with the probe. Shown beneath the diagram are
representative 1images 1 an interphase and anaphase cell.
After exposing fixed cells to the probe, immunostaining was
carried out with a TRF-2 antibody followed by a TRITC-
labeled secondary antibody. Upper row: probe imaged 1n
both the green and red channels; middle row: TRF2 immu-
nostaining 1imaged 1n both channels; bottom row: probe and
TRF2 immunostaining imaged in each channel. The left
column 1s phase-contrast images and the right column 1is
both the probe and TRF2 merged onto DAPI staining.

FIG. 2C: U20S cells 1n different cell cycle stages were
imaged for the probe, TRF2 immunostaining or DAPI, as
indicated. Scale bars in A-C are 5 um.

FIG. 3 shows exemplary data of spectral variants of
TALEColor probes.

FIG. 3A: TALE-TelR15 probes were designed with vari-
ous fused fluorescent proteins as indicated and applied to
fixed U20S cells. Images were captured 1n the appropriate
channels (middle row) and merged with DAPI images
(bottom row).

FIG. 3B: A TALE-TelR15 probe with no fused fluorescent
protein was produced carrying internal lysine resides labeled
with a green dye. The labeling obtained (upper row) was
imaged and compared to that with the same TALE carrying
tfused mCherry (lower row), with the right column repre-
senting the respective 1mages overlaid onto DAPI images.
Scale bar 1n both A and B 1s 5 um.

FIG. 4 presents exemplary data of telomeres compared by
TALEColor 1n variety of human cell lines. U20S, HelLa 1.3,
Hel.a S3, IMR90 and RPE]1 cells were fixed and incubated
with TALEGreen-TelR15 (middle row). All the images of
TALEGreen-TelR15 (middle row) are scaled to the same.
Images merged with DAPI are shown in the bottom row.
Scale bar, 5 um.

FIG. 5 presents exemplary data of imaging flow cytom-
etry assessment ol average telomere length and intra-cell
population heterogeneity.

FIG. 5A: HelLa 1.3 and HelLa S3 cells cultured either
alone or together and then incubated with TALEGreen-

TelR15 and imaged Scale bar, 10 um.
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FIG. 5B: Separate coverglass cultures of HelLa 1.3 and
Hel.a S3 cells were trypsinized, fixed and incubated with
TALEGreen-TelR 15 together with DNA staining with DAPI
or DRAQS for the HelLa 1.3 and S3 cells, respectively. The
two cell populations were then mixed and imaging flow
cytometry was carried out immediately. Single cells were
gated by an aspect ratio program 1n the mnstrument’s soit-
ware (left panel, middle row). DAPI positive cells (purple)
and DRAQS positive cells (red) were gated by their intensity
(left panel, top row) and their intensity plots are shown 1n the
indicated panels. The DNA intensity plots of the two cell
populations (resolved out from the mixture of the two cell
lines) are shown 1n the indicated panels. The scatter plot of
TALEGreen-TelR15 signals 1 all cells 1s shown in the
bottom leit panel. These were sorted mto DAPI positive
(purple) and DRAQS positive (red) populations (middle
panel 1 bottom row). The DAPI positive cells were then
sorted 1nto distinct levels of telomere labeling: a high level
(R1, light green, upper right panel) and a moderate level
(R2, dark green, upper right panel). DRAQS positive cells
with their low level of telomere labeling were sorted in

parallel (R3, teal, middle row, right panel).
FIG. 53C: Representative DAPI images for HelLa 1.3 cells

not labeled with TALEGreen-TelR15 (left three columns),
DAPI positive R1 cells (middle left four columns), DAPI
positive R2 cells (middle rnight four columns), DRAQS
positive R3 cells (right four columns). BF: brightfield.

FIG. 6 presents exemplary data of live cell imaging of
centromeres and telomeres by TALEColor. U20S cells were
co-transfected for 24 hours with TALEmCherry-TelR20 to
label telomeres together with one of three TALEs designed
to recognize centromeric repeats. Upper row: TALEVenus-
PanCen, a TALE predicted to bind all human centromeres;
middle row: TALEVenus-Cenl8, specific for an a.-satellite
higher order repeat on chromosome 18 (D1871); bottom
row: TALEVenus-Cenl 3, specific an a-satellite higher order
repeat on chromosome 15 (D1573); Overlay images are
shown 1n the right column. Scale bar, 5 um.

FIG. 7 presents exemplary data of single cell tracking of
telomeres during cell cycle progression. The progression of
selected U20STelR20-mCherry cells was tracked over 27
hours. Scale bar, 20 um.

FIG. 8 presents exemplary data of live and fixed cell
telomere labeling with fluorescent TALEs of different
lengths.

FIG. 8A: U20S cells were transiected with constructs
expressing telomere-specific TALE’s having different num-
bers of the oligopeptide repeat ranging from 6 to 20, all
fused to Venus. Images were captured (middle row) and
merged with DAPI images (bottom row). Scale bar, 5 um.

FIG. 9 presents exemplary data of telomeres in diflerent
cell cycle stages of HelLa cells. HelLa 1.3 cells were fixed
and incubated with the probe TALEGreen-TelR135. Images
merged with DAPI are shown 1n the bottom row. Scale bar,
D um.

FIG. 10 presents one embodiment of a TelR6 binding
protein amino acid sequence (SEQ ID NO:2) and associated
target sequence (SEQ ID NO: 11). Unique amino acid
binding pairs are annotated with specific color codes and a
dotted underline. Gold: NI amino acid binding pair specific
for a target sequence adenosine residue. Red: NG amino acid
binding pair specific for a target sequence thymaidine residue.
Blue: HD amino acid binding pair specific for a target
sequence cytosine residue. Green: NH amino acid binding
pair specific for a target sequence guanosine residue.

FIG. 11 presents one embodiment of a TelR9 binding
protein amino acid sequence (SEQ ID NO:3) and associated
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target sequence (SEQ ID NO: 12). Unique amino acid
binding pairs are annotated with specific color codes and a
dotted underline. Gold: NI amino acid binding pair specific
for a target sequence adenosine residue. Red: NG amino acid
binding pair specific for a target sequence thymidine residue.
Blue: HD amino acid binding pair specific for a target
sequence cytosine residue. Green: NH amino acid binding
pair specific for a target sequence guanosine residue.

FIG. 12 presents one embodiment of a TelR12 binding
protein amino acid sequence (SEQ ID NO:4) and associated
target sequence (SEQ ID NO: 13). Unique amino acid
binding pairs are annotated with specific color codes and a
dotted underline. Gold: NI amino acid binding pair specific
for a target sequence adenosine residue. Red: NG amino acid
binding pair specific for a target sequence thymidine residue.
Blue: HD amino acid binding pair specific for a target
sequence cytosine residue. Green: NH amino acid binding
pair specific for a target sequence guanosine residue.

FIG. 13 presents one embodiment of a TelR15 binding
protein amino acid sequence (SEQ ID NO:5) and associated
target sequence (SEQ ID NO: 14). Unique amino acid
binding pairs are annotated with specific color codes and a
dotted underline. Gold: NI amino acid binding pair specific
for a target sequence adenosine residue. Red: NG amino acid
binding pair specific for a target sequence thymidine residue.
Blue: HD amino acid binding pair specific for a target
sequence cytosine residue. Green: NH amino acid binding
pair specific for a target sequence guanosine residue.

FIG. 14 presents one embodiment of a TelR20 binding
protein amino acid sequence (SEQ ID NO:6) and associated
target sequence (SEQ ID NO: 15). Unique amino acid
binding pairs are annotated with specific color codes and a
dotted underline. Gold: NI amino acid binding pair specific
for a target sequence adenosine residue. Red: NG amino acid
binding pair specific for a target sequence thymidine residue.
Blue: HD amino acid binding pair specific for a target
sequence cytosine residue. Green: NH amino acid binding
pair specific for a target sequence guanosine residue.

FIG. 15 presents one embodiment of a TelL20 binding
protein amino acid sequence (SEQ ID NO:7) and associated
target sequence (SEQ ID NO: 16). Unique amino acid
binding pairs are annotated with specific color codes and a
dotted underline. Gold: NI amino acid binding pair specific
for a target sequence adenosine residue. Red: NG amino acid
binding pair specific for a target sequence thymidine residue.
Blue: HD amino acid binding pair specific for a target
sequence cytosine residue. Green: NH amino acid binding
pair specific for a target sequence guanosine residue.

FIG. 16 presents one embodiment of a PanCen binding
protein amino acid sequence (SEQ ID NO:8) and associated
target sequence (SEQ ID NO: 17). Unique amino acid
binding pairs are annotated with specific color codes and a
dotted underline. Gold: NI amino acid binding pair specific
for a target sequence adenosine residue. Red: NG amino acid
binding pair specific for a target sequence thymidine residue.
Blue: HD amino acid binding pair specific for a target
sequence cytosine residue. Green: NH amino acid binding
pair specific for a target sequence guanosine residue.

FIG. 17 presents one embodiment of a TALE-Cenl 3-
mVenus amino acid sequence (SEQ ID NO:9) and associ-
ated target sequence (SEQ ID NO: 18). Unique amino acid
binding pairs are annotated with specific color codes and a
dotted underline. Gold: NI amino acid binding pair specific
for a target sequence adenosine residue. Red: NG amino acid
binding pair specific for a target sequence thymidine residue.
Blue: HD amino acid binding pair specific for a target




US 9,476,884 B2

15

sequence cytosine residue. Green: NH amino acid binding
pair specific for a target sequence guanosine residue.

FIG. 18 presents one embodiment of a TALE-CenlS8-
mVenus amino acid sequence (SEQ ID NO:10) and associ-
ated target sequence (SEQ ID NO: 19). Unique amino acid
binding pairs are annotated with specific color codes and a
dotted underline. Gold: NI amino acid binding pair specific
for a target sequence adenosine residue. Red: NG amino acid
binding pair specific for a target sequence thymaidine residue.
Blue: HD amino acid binding pair specific for a target
sequence cytosine residue. Green: NH amino acid binding
pair specific for a target sequence guanosine residue.

DETAILED DESCRIPTION OF TH.
INVENTION

L1l

The present ivention i1s related to compositions and
methods for detecting chromosomal sites. For example, such
methods and compositions are useful to detect repeated
nucleic acid sequences 1 chromosomal telomeres and/or
centromeres. The mvention 1s also related to labeled Tran-
scription activator-like eflectors that might be used as probes
to detect DNA sequences in cell preparations without DNA
denaturation.

In one embodiment, the present invention contemplates a
composition comprising at least one fluorescent TALE pro-
tein capable of binding to a double stranded DNA sequence.
In one embodiment, the double stranded DNA sequence
comprises a telomeric sequence. In one embodiment, the
double stranded DNA sequence comprises a centromeric
sequence. In one embodiment, the double stranded DNA
sequence comprises at least one a repeated nucleic acid
sequence.

I. Transcription Activator-Like Effectors

The most distinctive characteristic of transcription acti-
vator like effector (TALE) 1s a central repeat domain con-
taining between 1.5 and 33.5 repeats that are usually 34
residues 1n length (the C-terminal repeat 1s generally shorter
and referred to as a “half repeat”). Boch et al., “Xanthomo-
nasAvrBs3 Family-Type III Effectors: Discovery and Func-
tion” Annual Review of Phytopathology 48: 419-36 (2010).

A typical repeat sequence 1s LTPEQVVAIASHDGG-
KQALETVQRLLPVLCQAHG (SEQ ID NO:1), but the
residues at the 12th and 13th positions are hypervariable
where these two amino acids are also known as the repeat
variable diresidue (RVD). A simple relationship has been
identified between the identity of the RVD 1n sequential
repeats and sequential DNA bases 1n the TAL eflector’s
target site. Moscou et al., “A simple cipher governs DNA
recognition by TAL eflectors™ Science 326:1501 (2009); and
Boch et al., “Breaking the code of DNA binding specificity
of TAL-type III effectors™. Science 326: 1509-1512 (2009).
The experimentally validated code between RVD sequence
and target DNA base can be expressed as NI=A, HD=C,
NG=T, NN=R (G or A), and NS=N (A, C, G, or T). Further
studies has shown that the RVD NK can target G, although
TAL eflector nucleases (TALENSs) that exclusively use NK
instead of NN to target G can be less active. Morbitzer et al.,
“Regulation of selected genome loci using de novo-engi-
neered transcription activator-like effector (TALE)-type
transcription factors™ Proceedings of the National Academy
of Sciences 107 (50) (2010); Miller et al., “A TALE nuclease
architecture for eflicient genome edltlng” Nature Biotech-
nology 29 (2): 143-148 (2010); and Huang et al., “Hertable
gene targeting in zebrafish using customized TALENSs”.
Nature Biotechnology 29 (8):699 (2011). The crystal struc-
ture of a TAL eflector bound to DNA 1indicates that each
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repeat comprises two alpha helices and a short RVD-con-
taining loop where the second residue of the RVD makes
sequence-speciiic DNA contacts while the first residue of the
RVD stabilizes the RVD-containing loop. Target sites of
TAL eflectors also tend to include a T flanking the 3' base
targeted by the first repeat and this appears to be due to a
contact between this T and a conserved tryptophan 1n the

region N-terminal of the central repeat domain. Mak et al.,

“The Crystal Structure of TAL Effector PthXol Bound to Its
DNA Target” Science (2012); and Deng et al., “Structural
Basis for Sequence-Specific Recognition of DNA by TAL
Effectors™ Science (2012). This simple code between amino
acids 1n TAL effectors and DNA bases 1n their target sites has
been utilized to generate the TALEs targeted to specific
telomeric and centromeric double stranded DNA sequences
as disclosed herein. Artificial TAL eflectors capable of
recognizing new DNA sequences have been designed 1n a

variety of other experimental systems. Christian et al., “TAL
Effector Nucleases Create Targeted DNA Double-strand
Breaks” Genetics 186 (2): 757-61 (2010); Zhang et al.,
“FEflicient construction of sequence-specific TAL eflectors
for modulating mammalian transcription” Nature Biotech-
nology 29 (2):149 (2011); and Mahtfouz et al., “De novo-
engineered transcription activator-like eflector (TALE)
hybrid nuclease with novel DNA binding specificity creates
double-strand breaks” Proceedings of the National Academy
of Sciences 108: 2623 (2011).

Compositions and kits relating to customized peptides,
1.e. d(designer)TAL eflector (dTALE) peptides comprising
customized polypeptide sequences that act as sequence-
specific nucleic acid binding proteins have been reported.
Zhang, et al., “Transcription activator-like effectors.” US
2012/02770273 (herein incorporated by reference). However,
Zhang et al. does not disclose any TALE fusion proteins
having the proper amino acid sequence for binding to
telomere and/or centromere repeat sequences. Further,
Zhang et al. does not disclose any data of TALE-fluorescent
peptides bound to genomic DNA. Zhang et al. has also
disclosed dTALE-GFP nucleic acid binding peptides havmg
the mCherry, 1.€. red, fluorescent label. Zhang, et al., “Eili-
cient construction of sequence-specific TAL ef-ectors for
modulating mammalian transcription.” Nature Biotechnol-
ogy 29(2):149-153 (2011)—PubMed versions. However,
again, there 1s no data showing that these peptides have any
ability to label cells. dTALE-GFP fluorescent cells in this
publication. This publication 1s silent on telomere and cen-
tromere, in addition to not showing actual fluorescent
images ol TALE-fluorescent peptides bound to genomic
DNA.

TALE-fusion peptides constructed as engineered proteins
having at least one TALE repeat unit as DNA-specific
binding domains have been reported. Gregory et al., “Novel
DNA-Binding Proteins And Uses Thereo” WO/2011/
146121 Specifically, Gregory et al. describes a TALE-Tusion
peptide consisting of a reporter or selection marker, such as
a fluorescent marker or enzyme, wherein the TALE-repeat
domain was engineered to recognize a specifically desired
target sequence. Gregory et al., however, does not describe
a TALE-fluorescent peptide comprising telomere or cen-
tromere target sequence binding domains using live cell
imaging nor a cell labeled with a TALE-fusion protein.

Fusion polypeptides, including a fusion between a ZFP
(zinc-finger protein) DNA-binding domain and a transcrip-
tional activation domain have been reported. Wollle, et al.,
“Databases Of Regulatory Sequences; Methods Of Making
And Using Same.” WO/2001/083732. Wollle et al. also
describes methods to 1dentily accessible DNA binding sites
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as potential regulatory sequences in many types of chroma-
tin including centromeres and telomeres. Nonetheless,
Wollle et al. does not disclose using a TALE-fluorescent
peptide comprising telomere or centromere binding
domains.

Transcription activator-like eflector proteins (TALEs)
from the plant pathogenic bacterial genus Xanthomonas
have been reported where a DNA-binding domain can be
adjusted to bind any desired target sequence with high
specificity. Bultmann et al., “Targeted transcriptional acti-
vation of silent oct4d pluripotency gene by combimng

designer TALEs and mhibition of epigenetic modifiers”
Nucleic Acids Research, 40(12):5368-5377 (2012). Here,
TALEs were designed, 1.e. dTALEs, targeting a distinct
19-bp sequence of the murine pluripotency gene oct4 having
mCherry fused to the N-terminus 1n order to monitor trans-
tection efliciency and expression levels of the constitutively
expressed dTALE vector after transfection into murine and
human cells. However, specific dTALE binding to genomic
sequences was not shown because these cells were co-
transiected with a poct4-GFP reporter construct also con-
taining target nucleic acid sequences. Thus, Bultmann et al.
1s silent on detecting telomere and centromere nucleic acid
sequences, 1 addition to not showing specific tluorescent
images ol cells demonstrating TALE-fluorescent peptides
bound to genomic DNA.

Two types of TALE chimeric proteins were disclosed as
first and second monomers having binding regions for
repetitive DNA sequences along with capability for catalytic
activity. Duchateau et al., “New TALE-Protein Scatiolds
And Uses Thereof” WO/2012/ 138939. When these two
types of monomers form dimers around DNA sequences
they became catalytically active as do TALENs when a
nuclease catalytic domain such Fok1 i1s fused to at least one
TALE C-terminal region. Duchateau et al. further describes
TALEs as having several protein subdomains where at least
one protein domain 1s a reporter protein such as a fluorescent
protein, luciferase, or [3-galactosidase. However, Duchateau
et al. 1s silent on telomere and centromere, 1n addition to not
showing actual fluorescent images of TALE-fluorescent pep-
tides bound to genomic DNA.

Peptide nucleic acid (PNA), a hybrid peptide-DNA con-
struct where the DNA backbone 1s replaced by amino acids
and peptide bonds, has been reported to specifically target
telomeric DNA repeat sequences. Molenaar et al., “Visual-
1izing telomere dynamics n living mammalian cells using
PNA probes.” EMBO J. 22(24): 6631-6641 (2003). Mole-
naar et al. used a fluorescent cy3 (C3TA2)3-labeled PNA
probe that was mtroduced 1n living human U20S and mouse
MS5 cells by glass bead loading and was shown to specifi-
cally associate with telomeric DNA 1 vivo by digital
fluorescence microscopy. Molenaar et al. does not describe
a TALE or TAL eflector peptide linked to a fluorescent
protein.

Stable expression of fluorescent versions of telomeric
proteins (Tagged Telomeric Proteins) has been observed in
human primary fibroblasts (IMR90) and Hela cells with
long telomeres (HelLal.2.11) for positioning of human telo-
meres 1n living cells. Crabbe, et al., “Human Telomeres Are
Tethered to the Nuclear Envelope during Postmitotic

Nuclear Assembly” Cell Rep. 2(6):1521-9 9 (2012). Com-
bined expression of EGFP-TRF1 and the histone H2B-

mCherry allowed the concomitant visualization of telomeres

and chromatin in lhiving cells and fixed cells. HelLal.2.11
cells. Crabbe et al. does not describe a TALE or TAL eftector

peptide linked to a fluorescent protein.
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A four-dimensional telomere analysis using recordings of
living human cells acquired with controlled light exposure
microscopy has been reported. De Vos, et al., “Four-Dimen-

sional Telomere Analysis In Recordings Of Living Human
Cells Acquired With Controlled Light Exposure Micros-

copy’ J Microsc. 238(3):254-64 (2010). The quantitative
telomere analysis was done 1n cell nucler of living human
cells expressing telomere-binding fusion proteins. De Vos et
al. does not describe a TALE or TAL effector peptide linked
to a fluorescent protein in the performance of this analysis.

Plant and mouse cells expressing PZF (zinc finger): GFP
proteins have been analyzed by confocal microscopy. Lind-
hout et al., “Live cell imaging of repetitive DNA sequences
via GFP-tagged polydactyl zinc finger proteins” Nucleic
Acids Res. 35(16):€107 (2007). For Arabidopsis, a PZF:GFP
protein aimed to specifically recognize a 9-bp sequence
within centromeric 180-bp repeat was used to monitor
centromeres 1n living roots. In mouse cells a PZF:GFP
protein was targeted to a 9-bp sequence 1n the major satellite
repeat. Both PZF:GFP proteins localized in chromocenters
which represent heterochromatin domains containing cen-
tromere and other tandem repeats. Lindhout et al. does not
describe a TALE or TAL eflector peptide linked to a fluo-
rescent protein.

Transcription activator-like effectors (TALEs) have been
reported to recognize specific DNA sequences based on
sequence composition of repeating oligopeptide elements.
Boch, J. et al., “Breaking the code of DNA binding speci-
ficity of TAL-type III eflectors: Science 326, 1509-1512
(2009). Advances i DNA cloning technologies have
cnabled facile assembly of TALEs for sequence-specific
DNA recognitions well as fusion of paired nucleases (TAL-
ENs) for genome engineering. Baker, M., “Gene-editing
nucleases” Nature Methods 9, 23-26 (2012). Although
TALEs and TALENs have rapidly become useful tools for
genome editing and transcription regulation, their intra-
nuclear dynamics of DNA recognition 1s not well understood
since they are typically directed to a single-copy sequence,
thus limiting cytological studies and applications. Bog-
danove et al., “TAL ellectors: customizable proteins for
DNA targeting” Science 333, 1843-6 (2011).

III. TALE-Targeting of Double Stranded Nucleic Acid
Sequences

In one embodiment, the present mnvention contemplates a
method 1s based on Transcnptlonal Activator-Like Effector
(TALE):DNA recognition and targeting to repeated DNA
sequences 1n human genome which 1s i1ndependent of
nucleic acid hybridization. In one embodiment, these custom
designed peptides are coupled to FPs and expressed from
plasmids 1n bacteria or mammalian cells. In one embodi-
ment, the method further comprises detecting a tandemly
repeated double stranded DNA sequence array in a single
step. This provides a unique advantage over other conven-
tional methods because the method can provide usetul
results within an hour. A further advantage is that the
expression of probes 1n bacteria greatly reduces the cost of
this analysis. In one embodiment, the equilibrium dissocia-
tion constant of the TALE:DNA binding 1s in the low
nanomolar range. Although 1t 1s not necessary to understand
the mechanism of an invention, it 1s believed that the aflinity
of TALE:DNA 1s equal to or higher than most of antibody-
mitogen interactions.

In one embodiment, the present mvention contemplates
methods for developing chromosome enumeration probes or
locus specific probes for clinical diagnosis of genetic dis-
eases, such as chromosome breaks, translocations or unusual
locations relative to other chromosomes or non-chromo-
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somal nuclear bodies. In one embodiment, the present
invention contemplates a method for assessing telomere
length distribution by flow cytometry.

Transcription Activator-Like Effectors (TALEs) are gen-
crally believed to be oligopeptide arrays that recognize
specific DNA sequences. In typical conventional applica-
tions, TALEs can be fused to a nuclease 1n order to mediate
site-directed DNA cleavage for genome engineering. In
some embodiments, the present invention contemplate pro-
tein TALE DNA probes capable of binding to teleometric
and centrometric double stranded DNA target sequences that
lack a nuclease. In one embodiment, the protein TALE DNA
probe further comprises a fluorescent protein (FP). Expres-
sion of TALE proteins from plasmids 1n human U20S cells
were observed to result in bright signals coincident with
telomeres and centromeres, allowing the dynamics of these
chromosomal regions to be tracked during interphase and
mitosis. Expression of these TALEs (without FPs) by 1n vitro
coupled transcription/translation system, and used them as
probes to detect telomeric and centromeric sequences in
fixed cells. This 1s a very rapid procedure that obviates DNA
denaturation and other requisite steps 1n conventional 1n situ
nucleic acid hybridization, since the TALEs recognize spe-
cific DNA sequences 1n the double helix. Further expression
of TALEs 1 E. Coli will make 1t a very low cost.

Previous studies have reported relative intranuclear posi-
tions of telomeres and nucleol: 1n living cells by labeling and
tracking ribosomal RN A out of nucleol1 1n living cells. Politz
et al., “Diffusion-based transport of nascent ribosomes 1n the
nucleus” Mol. Biol. Cell 14, 4805-4812 (2003). Ribosomal
RNA genes may lie close to telomeres 1n the short arms of
several human chromosomes thereby providing a possible
mechanism to directly detect and/or label telomeres 1n live
cells. Henderson et al., “Location of ribosomal DNA 1n the
human ribosomal DNA complement” Proc. Natl. Acad. Sci.
69, 3394-3398 (1972). Although it 1s not necessary to
understand the mechanism of an 1nvention 1t 1s believed that
since TALEs recognize specific sequences in double-
stranded DNA form, live cell applications would be feasible
and that a telomere-specific TALE fused to a fluorescent
protein might be a way to label the ends of chromosomes in
live cells.

Peptide Nucleic Acid (PNA) probes were used to detect
several target telomere and centromere repeat sequences
common to human satellites II and III, a centromere repeat
sequence specific for the centromeric region of the X
chromosome, and for detecting and optionally quantitating
the length of multiple copies of a centromere repeat
sequence for specific chromosome 18. Lansdorp, et al.,
“Method For Detecting Multiple Copies Of A Repeat
Sequence In A Nucleic Acid Molecule.” U.S. Pat. No.
6,514,693 (herein imncorporated by reference). These probes
were used for detecting and/or determining the length of
multiple copies of a telomeric repeat in a nucleic acid
molecule 1n addition to other measurements. Lansdorp et al.
does not disclose a TALE or TAL etflector peptide linked to
a fluorescent protein, does not describe labeling both live
and fixed human cells and does not describe flow cytometry
sorting or analysis of whole cells. Further, Lansdorp et al. 1s
silent on a probe having a labeled amino acid.

A flow cytometry method has been reported using human,
mouse and Chinese hamster cells, 1.e. chromosome flow
fluorescence in situ hybndization (FISH), called CFFE, to
analyze repetitive DNA 1n chromosomes with directly
labeled peptide nucleic acid (PNA) probes. Brind’ Amour et
al. “Analysis Of Repetitive DNA In Chromosomes By Flow
Cytometry.” Nat Methods, 8: 484-6 (2011). Telomeric
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sequences of repetitive DNA were detected. The disclosed
hybridization probes require denaturation of the target
nucleic acid molecules simultaneously by heat or pH treat-
ment. Brind’ Amour et al. does not describe a TALE or TAL
cllector peptide linked to a fluorescent protein, does not
describe labeling both live and fixed human cells and does
not describe flow cytometry sorting or analysis of whole
cells. Further, Brind’ Amour et al. 1s silent on a probe having
a labeled amino acid.

Polyamides have been described that recognize pentam-
eric nucleic acid sequences, which are tandemly repeated
within the heterochromatic regions of several chromosomes.
Gygl, et al., “Use of fluorescent sequence-specific poly-
amides to discriminate human chromosomes by microscopy

and flow cytometry.” Nucleic Acids Res. 30:2790 (2002).

These probes are sequence-specific, minor groove-binding
polyamides such that intact (undenatured) DNA 1s labeled.
The molecule folds into a ‘hairpin’ structure, such that two
polyamide oligomers bind 1n a side-by-side, anti-parallel
manner 1n the minor groove. The polyamide probe results in
an intense signal on the targeted regions of chromosome 9,
Y, 1, 16 and the acrocentric chromosomes. Gygi, et al., does
not describe a TALE or TAL eflector peptide linked to a
fluorescent protein, does not describe labeling both live and
fixed human cells and does not describe flow cytometry
sorting or analysis of whole cells. Further, Gygi, et al., 1s
silent on a probe having a labeled amino acid.

Polyamides comprising N-methylpyrrole (Py)-N-methyl-
imidazole (Im) polyamide conjugates have been reported
which have been developed from the DNA-binding antibi-
otics distamycin A and netropsin. Vaijjayanth, et al., “Prog-
ress and Prospects of Pyrrole-Imidazole Polyamide-Fluoro-
phore Conjugates as Sequence-Seclective DNA Probes.”
Chem Bio Chem. 13:(15):2170-2185 (2012). These synthetic
small molecules bind with duplex DNA in a sequence-
specific manner. Vaijayanth, et al. describes an overview of
the current and prospective applications of Py-Im poly-
amide-fluorophore conjugates, including sequence-specific
recognition with fluorescence emission properties, and their
potential roles in biological imaging. Vaijayanth et al. does
not describe a TALE or TAL eflector peptide linked to a
fluorescent protein, does not describe labeling both live and
fixed human cells and does not describe flow cytometry
sorting or analysis of whole cells. Further, Vayjayanth et al.
1s silent on a probe having a labeled amino acid.

Labeling of telomeric repeats in Syrian hamster primary
fibroblast cultures were analyzed using FISH or transiected
with a plasmid expressing a telomeric binding protein
(TRF1 fused with GFP). Solovjeva, et al., “Characterization
of telomeric repeats 1n metaphase chromosomes and 1nter-
phase nucle1r of Syrian Hamster Fibroblasts.” Molecular
Cytogenetics, 5:37 (2012); and Krutilina, et al., “A negative
regulator of telomere-length protein tril 1s associated with
interstitial (T TAGGG)n blocks 1in immortal Chinese hamster
ovary cells.” Biochem Biophys Res Commun. 280(2):471-5
(2001). Relative lengths of telomere signals were estimated.
Low-intensity FISH signals were visualized with different
frequency of detection on all other metacentric chromo-
somes excluding chromosome #21., 1.e. chromosome 15, 18.
These reports did not use any specific probe for centromere
DNA, but found interstitial telomeric sequences in pericen-
tromeric heterochromatin regions of the majority ol meta-
centric chromosomes. Solovjeva et al does not describe a
TALE or TAL eflector peptide linked to a fluorescent
protein, does not describe labeling both live and fixed human
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cells and does not describe tlow cytometry sorting or analy-
s1s of whole cells. Further, these reports are silent on a probe
having a labeled amino acid.

Associations between TALE proteins and nucleic acid

target sequences has been discussed. Bonas et al., “Modular

DNA-Binding Domains And Methods Of Use” WO 2010/
079430, Gregory et al., “Novel DNA-Binding Proteins And
Uses Thereof” WO 2011/146121; and Kuhn et al., “Fusion
Proteins Comprising A DNA-Binding Domain Of A TAL
Effector Protein And A Non-Specific Cleavage Domain Of A
Restriction Nuclease And Their Use” WO 2011/154393-A1.

In one embodiment, the present invention contemplates
compositions comprising TALEs designed to recognize
either DNA strand of the telomeric repeat. See, FIG. 1A. In
one embodiment, the TALE comprises a polypeptide con-
structed from DNA plasmids with in-frame fusions to the
desired fluorescent protein, followed by transfection and
expression 1n human U20S cells. For example, when TALESs
TelL20 or TelR20 were co-expressed for 24 hours numerous
discrete fluorescent foci were observed colocalization in
interphase cells. See, FIG. 1B. In one embodiment, the
plasmid comprises a nucleic acid sequence encoding a
TelR15 protemn of

(SEQ ID NO: 20)
ATGGCCACCACCCATATGGGATCCGGTATCCACGGAGTCCCAGCAGCCGT

AGATTTGAGAACTTTGGGATATT CACAGCAGCAGCAGGAAAAGATCAAGC
CCAAAGTGAGGT CGACAGT CGCGCAGCATCACGAAGCGCTGGETGGGETCAT
GGGET TTACACATGCCCACATCGTAGCCTTGTCGCAGCACCCTGCAGCCCT
TGGCACGETCGCCETCAAGTACCAGGACATGATTGCGGCETTGCCGGAAG
CCACACATGAGGCGATCOTCGOETGTGLLGLAAACAGTGGAGCGGAGCCCGA
GCGCTTGAGGCCCTOGTTGACGGT CGCGGGAGAGC TGAGAGGGCCTCCCCT
TCAGCTGGACACGGGCCAGTTGC TGAAGATCGCGAAGCGGGGAGGAGTCA
CGGCGGETCGAGGCOOETGCACGCOGTGGCGCAATGCGCTCACGGGAGCACCC
CTCAACCTGACCCCAGAGCAGGT CGTGGCAATTGCGAGCAACATCGGEGEGEG
AALGCAGGCACTCGAAACCOGT CCAGAGGTTGCTGCCTGTGCTGTGCCAAG
CGCACGGACTTACGCCAGAGCAGGT CGTGGCAATTGCGAGCAACATCGGG
GGAAAGCAGGCACTCGAAACCGETCCAGAGGTTGCTGCCTGTGCTGTGCCA
AGCGCACGGACTAACCCCAGAGCAGGT COGTGGCAATTGCGAGCCATGACG
GGEGGAAAGCAGGCACTCGAAACCGET CCAGAGGTTGCTGCCTGTGCTGETGC
CAAGCGCACGGETTGACCCCAGAGCAGGTCOTGGCAATTGCGAGCCATGA
CGGGEGLAAAGCAGGCACTCGAAACCOGT CCAGAGGTTGCTGCCTGTGCTGT
GCCAAGCGCACGGCCTGACCCCAGAGCAGGTCGTGGCAATTGCGAGCCAT
GACGGGGGAAAGCAGGCACTCGAAACCGTCCAGAGGTTGCTGCCTGTGCT
GTGCCAAGCGCACGGACTGACACCAGAGCAGGTCGETGGCAATTGCGAGCA
ACGGAGGLGGGAAAGCAGGCACTCGAAACCGTCCAGAGGTTGCTGCCTGTG
CTGTGCCAAGCGCACGGACTTACACCCGAACAAGTCOTGGCAATTGCGAG
CAACATCGGEGEEAAAGCAGGCACTCGAAACCGETCCAGAGGTTGCTGCCTG
TGCTGETGCCAAGCGCACGGACTTACGCCAGAGCAGGTCOGTGGCAATTGCG

AGCAACATCGGEEGEEAAAGCAGGCACTCGAAACCGTCCAGAGGTTGCTGCC
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-continued
TETGCTATACCAACCOCACCCACTAACCCCACGAGCACGETCATCRCAATTE

CGAGCCATGACGGLGGGCAAAGCAGGCACT CGAAACCGETCCAGAGGTTGCTG
CCTGTGCTGTGCCAAGCGCACGGGTTGACCCCAGAGCAGGTCGTGGCAAT
TGCGAGCCATGACGGGGGAAAGCAGGCACT CGAAACCGTCCAGAGGTTGC
TGCCTGTGCTGETGCCAAGCGCACGGCCTGACCCCAGAGCAGGTCGTGGCA
ATTGCGAGCCATGACGGGGGAAAGCAGGCACT CGAAACCGTCCAGAGGTT
GCTGCCTGTGCTGTGCCAAGCGCACGGACTGACACCAGAGCAGGTCGTGG
CAATTGCGAGCAACGGAGGLGLGAAAGCAGGCACTCGAAACCGETCCAGAGG
TTGCTGCCTGTGCTGTGCCAAGCGCACGGCCTCACCCCAGAGCAGGETCGT
GGCAATTGCGAGCAACATCGGGEGEGEAAAGCAGGCACT CGAAACCOTCCAGA
GETTGCTGCCTGTGCTGTGCCAAGCGCACGGACT CACGCCTGAGCAGGTA
GTGGCTATTGCATCCaacatcGGGGGCAGACCCGCACTGGAGT CAATCGET
GGCCCAGCTTTCGAGGCCGGACCCCGCGCTGGCCGCACTCACTAATGATC
ATCTTGTAGCGCTGGCCTGCCTCOGLCGGACGACCCGCCTTGGATGCGETG
AAGAAGGOGGCTCCCGCACGCGCCTGCATTGATTAAGCGGACCAACAGAAG
GATTCCCGAGAGGACATCACATCGAGTGGCAGGCCTGCAGGGAAGTGGAA
TGCGTAAAGGCGAAGAGCTGTTCACTGGTGTCGTCCCTATTCTGGTGGAA
CTGGATGGETGATGTCAACGGTCATAAGTTTTCCGTGCGTGGCGAGGGTGA
AGGTGACGCAACTAATGOGTAAACTGACGCTGAAGTTCATCTGTACTACTG
GTAAACTGCCOGETACCTTGGCCGACT CTGGTAACGACGCTGACTTATGET
GTTCAGTGCTTTGCTCGTTATCCGGACCATATGAAGCAGCATGACTTCTT
CAAGTCCGCCATGCCOGAAGGCTATGTGCAGGAACGCACGATTTCCTTTA
AGGATGACGGCACGTACAAAACGCOTGCGGAAGTGAAATTTGAAGGCGAT
ACCCTGGETAAACCGCAT TGAGCTGAAAGGCATTGACTTTAAAGAAGACGG
CAATATCCTGGGCCATAAGCTGGAATACAATTTTAACAGCCACAATGTTT
ACATCACCGCCGATAAACAAAAAAATGGCATTAAAGCGAATTTTAALAATT
CGCCACAACGTGGAGGATGGCAGCGTGCAGCTGGCTGATCACTACCAGCA
ARACACTCCAATCOGGTGATGGTCCTGTTCTGCTGCCAGACAATCACTATC
TGAGCACGCAAAGCGTTCTGTCTAAAGATCCGAACGAGAAACGCGATCAT
ATGGTTCTGCTGGAGTTCGTAACCGCAGCGGGCATCACGCATGGTATGGA

TGAACTGTACAAATAG.

Although it 1s not necessary to understand the mechanism
of an 1nvention, it 1s believed that TALESs recognize speciiic
DNA sequences 1n native double-stranded DNA by reading
from the major grove. It 1s further believed that co-expres-
sion of TALE-FP’s designed for either strand of the telom-
eric repeat resulted in similar patterns of discrete nuclear
foci with the two colors displaying complete spatial coin-
cidence indicates that both strands of the telomeric repeat
are accessible. For example, U20S cells are aneuploid, with

~65 chromosomes, so are expected to have ~130 telomeres
in G1 cells and ~260 1n G2 cells. Janssen et al., “Genetic
instability: tipping the balance” Oncogene 32, 4459-70
(2013). The data disclosed herein shows that the number of
foci (e.g., telomeres) observed was <50, which could mean
that not all telomeres were labeled or that many labeled sites
are out of the focal plane.
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Time-lapse 1maging was performed in a stable cell line
expressing the TelR20-mCherry that tracked dynamic move-
ments ol the foc1 during cell cycle progression. See, FIG. 7.
The observed kinetics and spatial parameters were very
similar to those previously reported in studies in which
telomeres were labeled by other methods 1n U20S cells or
a human bladder carcinoma cell line. Molenaar et al.,
“Visualizing telomere dynamics in living mammalian cells

using PNA probes” EMBO J. 22, 6631-6641 (2003); Jegou

et al., “Dynamics of telomere and promyelocytic leukemia
nuclear bodies 1n a telomerase-negative human cell line”

Mol. Biol. Cell 20, 2070-2082 (2009); and Wang et al.,

“Rapid telomere motions 1n live human cells analyzed by
highly time-resolved microscopy™ Epigenet. & Chromatin 1,
4 (2008).

To examine the specificity of TALEs binding to telom-
eres, TALEs of various lengths were designed (i.e., for
example, TelR06, TelR09, TelR12, TelR15, TelR20). All of

these TALEColor probes showed similar patterns in inter-

phase nucle1 except TelR06. See, FIG. 8. TALE-TelR06

showed some specific foc1 but also a high background
throughout the nucleus suggesting that TALEs comprising,
s1Xx (6) monomers, or less, may partially lose telomeric
specificity.

These data suggested that TALE-FPs might be also used
as probes to detect telomeres 1n fixed cells. One advantage
of this approach 1s that, even 1n fixed cells, TALE-FPs may
bind to double stranded DNA thereby eliminating the con-
ventional requirement of DNA denaturation or possibly
other preconditioning and/or annealing steps needed 1n FISH
and thus might offer a shorter turnaround time.

Plasmids were constructed for coupled 1n vitro transcrip-
tion-translation of telomere-specific TALEs fused in-frame
with various fluorescent proteins. A typical result of an
experiment in which the TALEGreen-TelR15 was used 1n
fixed human U20S cells showed numerous discrete fluo-
rescent foc1 were observed in interphase and also mitosis.
See, FIG. 2A. To confirm that these signals represent bind-
ing of the TALE to telomeres, immunostaining was per-
formed using the telomere-specific protein TRF2. Broccoli
et al., “Human telomeres contain two distinct Myb-related
proteins, TRF1 and TRF2” Nat. Genet. 17, 231-235 (1997).
This experiment co-localized TALE signals 1in both inter-
phase and mitotic cells. Compare, FIGS. 2B and 2C. Besides
U20S cells, discrete fluorescent foci were also observed in
HeLa cells in interphase and also mitosis.

To determine how wide an array of fluorescent proteins
(FPs) might be applicable to this method, a number of
telomere-TALE-FP plasmids were constructed for coupled
in vitro transcription-translation. Further, a plasmid where
the telomere-specific TALE was fused to a fluorescent amino
acid (Green Lysine), istead of a fluorescent protein. The
entire spectrum of tluorescent proteins tested, as well as the
Green Lysine-labeled TALE, resulted 1n comparable signals
with the same spatial patterns as established 1n the live cell
experiments. Compare, FIGS. 3A and 3B. These data indi-
cate that TALE-FPs contemplated by the present invention
interfere with a specific TALE’s DNA sequence recognition
nor 1s the fluorescence intensity problematically attenuated
by intramolecular folding interactions back into the TALE.
Moreover, since the Green Lysine-labeled TALE also gave
the same pattern, and with strong signal intensity, demon-
strates that chemical modification within the TALE poly-
peptide can be accommodated. Meanwhile TALE-FPs puri-
fied from E. coli also showed bright signals with the same

patterns as with 1n vitro translated TALE-FPs suggesting that
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TALEColor probes for the fixed cell version of the method
can be generated 1n various ways (data not shown).

Although live cell labeling of telomeres with TALEs ofler
unique opportunities in basic cell biology and chromosome
research, embodiments of the present invention are equally
useiul 1 fixed cell preparations. In particular, certain
embodiments of a TALE-based, fixed cell telomere detection
method could be applied to human cell lines with differing
telomere lengths. In one embodiment, the method assesses
interphase patterns of telomeres. In other embodiments,
TALE-based fixed cell telomere detection methods correlate
focal fluorescent signal intensity with telomere length.

The data presented herein shows the results of applying a
TALE-telomere probe to fixed human cells having difierent
average telomere lengths. See, FIG. 4. For example, U208
cells have a wide array of telomere lengths (1.e., for example,
between approximately <3 kb to >50 kb) and the Hel a cell
line 1.3 has average telomere length of approximately 23 kb.
Takai et al., “In vivo stoichiometry of shelterin components™

20 J. Biol. Chem. 285, 1457-67 (2010). In contrast, weaker
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signals were observed in three other human cell lines known
to have shorter telomeres: HelLa S3 (telomere length 2-10
kb), IMR90 (Average length ~7.5 kb) and RPE1 (~2-12 kb),
suggesting that under the constant probe conditions used 1n
these fixed cell experiments the signals obtained correlate
with average telomere length. Bryan et al., “Telomere length
dynamics in telomerase-positive immortal human cell popu-
lations” Exp. Cell Res. 239, 370-8 (1998); Ouellette et al.,
“Telomerase activity does not always 1mply telomere main-
tenance” Biochem. Biophys. Res. Commun. 254, 795-803
(1999); and Bodnar et al., “Extension of life-span by intro-
duction of telomerase into normal human cells” Science 279,
349-32 (1998).

The relationship between the TALE probe signal intensity
and the length of telomeres were further demonstrated by
comparing the 1.3 Hela cell line with the S3 Hela cell line
because these cell lines have different telomere lengths (e.g.,
average length ~23 kb and 2-10 kb, respectively). The two
cell lines were co-cultured on coverglasses and subjected to
TALE labeling. The telomere signals 1n HelLa 1.3 were much
brighter as can be seen 1n separate or co-cultured cells. See,
FIG. 5A. Imaging tlow cytometry was then used to analyze
telomere length by TALE labeling of suspension cultures of
the two cell lines. DAPI and DRAQS were used to stain the
DNA of HelLa 1.3 and S3 respectively, the cells were then
mixed and TALE labeled with TALEGreen-TelR15, fol-
lowed by FACS with the instrument’s parallel single cell
imaging capability. The two cell populations were clearly
resolved on the basis of their two DNA labels. See, FIG. 5B,
top left panel. Further, each population displayed a typical
cell cycle distribution including G1, S, G2/M phases by
DNA contents. See, FIG. 5B, middle left/top row and middle
left/middle row. The TALEGreen-TelR15 signals were
observed to separate into three populations. See, FIG. 5B,
bottom left panel. As can be seen 1n the overlay plots, Hela
1.3 was DAPI-positive with high and moderate telomere
labeling, while HeLa S3 cells were DRAQS-positive with
low telomere labeling. See, FI1G. 3B, middle left/bottom row.
These data are compatible with the known telomere lengths
of these two cell lines and consistent with the imaging from
the coverglass cultures. See, FIG. 5A.

Various telomere labeling populations were then analyzed
in each of these two cell lines with respect to the cell cycle.
See, FIG. 5B. The DAPI-positive cells were gated as “R1”
(high telomere labeling, shown in light green) and “R2”
(moderate telomere labeling, shown as dark green). The
DRARS-positive population were gated as “R3” (low telo-
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mere labeling, shown as teal). The individual or overlay
plots of R1, R2 and R3 are shown. See, FIG. 5B, middle

right column. It can be seen that the high telomere labeling
population was typified by a greater proportion of S/G2/M
phase cells whereas the moderate telomere labeled popula-
tion was enriched in G1 phase cells. See, FIG. 5B, top right
panel.

Imaging flow cytometry was performed to generate
images of each single cell represented in the above plots.
The R1 population cells were DAPI-positive (purple, rep-
resenting HelLa 1.3 cells) and displayed high TALEGreen-
TelR15 signals (green) where the majority of this population
included mitotic cells. See, FIG. 5C, middle left four col-
umns. The R2 cell population were also DAPI-positive (and
thus were HelLa 1.3) and had a moderate telomere labeling
where the majority of this population included G1 cells. See,
FIG. 5C, middle nght four columns. The R3 cell population,
defined as DRAQS-positive (red, thus representing HelLa S3
cells) displayed low telomere labeling and included all cell
cycle stages. See, FIG. 5C, right four columns.

In some embodiments, the presently contemplated TAL.
based method was equally capable of detecting other tan-
demly repetitive DNA sequences. For example, when using
satellite DNA sequences lying at or adjacent to centromeres.
Human centromeric DNA are generally comprised of alpha
satellite sequences, a tandem repeat family that are com-
monly studied in a chromosome-specific manner. Willard et
al., “Hierarchical order in chromosome-specific human
alpha satellite DNA” Trends in Genetics 3, 192-198 (1987).
A plasmid was designed encoding a TALE that recognizes a
motif specific to the alpha satellite consensus sequence
providing a “Pan-Cen” probe that may be used concurrently
with a telomere-specific TALE. Waye et al., “Nucleotide
sequence heterogeneity of alpha satellite repetitive DNA: a
survey ol alphoid sequences from different human chromo-
somes”” Nucleic Acids Res. 15,77549-7569 (1987); and Vissel
et al., “Human alpha satellite DNA-consensus sequence and
conserved regions” Nucleic Acids Res. 15, 6751-6752
(1987).

These data demonstrated a pattern of discrete nuclear foci
labeled with the Pan-Cen probe that was non-overlapping
with a pattern of telomere foci. See, FIG. 6, upper row. This
data 1s consistent with previous findings that telomeres and
centromeres are neither coincident nor polarized (e.g, a
Rabl-configuration) 1 most of higher eukaryotic cells.
TALEs were then designed that were specific for higher
order alpha satellite repeats that are unique to either chro-
mosome 18 and 15 bp expression in U20S cells. Alexandrov
et al., “Chromosome-specific alpha satellites: two distinct
families on human chromosome 18" Genomics 11, 15-23
(1991); and Choo et al., “Identification of two distinct
subfamilies of alpha satellite DNA that are highly specific
for human chromosome 15 Genomics 7, 143-151 (1990).
Each of these TALEs labeled a set of discrete foci1: five with
the Cenl8 and six with the Cenl5 probes respectively,
consistent with the karyotype of U20S cells, viz. trisomy of
chromosomes 18 and 15. See, FIG. 6, middle row and
bottom row, respectively.

In one embodiment, the present invention contemplates a
plasmid comprising a nucleic acid encoding a Cenl5 probe
having the sequence of:

L1

(SEQ ID NO: 21)
ATGGACTATAAGGACCACGACGCAGACTACAAGCATCATGATATTGATTA
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-continued
CARACACCATCACCATAACATCCCCCCAAACAACGAACCECAAGCTCRGTA

TCCACGGAGT CCCAGCAGCCGTAGATTTGAGAACTTTGGGATATTCACAG
CAGCAGCAGGARAAAGATCAAGCCCAAAGTGAGGT CGACAGTCGCGCAGCA
TCACGAAGCGCTGGTGGOET CATGGGTTTACACATGCCCACATCGTAGCCT
TGTCGCAGCACCCTGCAGCCCTTGGCACGGTCGCCGTCAAGTACCAGGAC
ATGATTGCGGCGET TGCCGGAAGCCACACATGAGGCGATCGTCGGETGTGGG
GAAACAGTGGAGCGGAGCCCGAGCGCTTGAGGCCCTETTGACGGTCGCGG
GAGAGCTGAGAGGGCCTCCCCTTCAGCTGLACACGGGCCAGTTGCTGAAG
ATCGCGAAGCGELGAGGAGTCACGLCGGETCGAGGCGETGCACGCGTGGECG
CAATGCGCTCACGGGAGCACCCCTCAACCTGACCCCAGAGCAGGTCGTGG
CAATTGCGAGCCATGACGLLGLGEAAAGCAGGCACTCGAAACCGET CCAGAGG
TTGCTGCCTGTGCTGTGCCAAGCGCACGGACTTACGCCAGAGCAGGTCGT
GGCAATTGCGAGCAACATCGGGGGAAAGCAGGCACT CGAAACCHGTCCAGA
GGTTGCTGCCTGTGCTGTGCCAAGCGCACGGACTAACCCCAGAGCAGGTC
GTGGCAATTGCGAGCCATGACGGGGLAAAGCAGGCACTCGAAACCOTCCA
GAGGTTGCTGCCTGTGCTGTGCCAAGCGCACGGLGTTGACCCCAGAGCAGG
TCGTGGCAATTGCGAGCAACGGAGGGGGAAAGCAGGCACTCGAAACCGETC
CAGAGGTTGCTGCCTGTGCTGTGCCAAGCGCACGGCCTGACCCCAGAGCA
GGETCGTGGCAATTGCGAGCAACGGAGGLEGLAAAGCAGGCACTCGAAACCE
TCCAGAGGTTGCTGCCTGTGCTGTGCCAAGCGCACGGACTGACACCAGAG
CAGGTCOTGGECAATTGCGAGCCATGACGOGGGAAAGCAGGCACTCGAAAC
CGTCCAGAGGTTGCTGCCTOTGCTGTGCCAAGCGCACGGACTTACACCCG
AACAAGTCGETGGCAATTGCGAGCAACAT CGLGLLGLGAAAGCAGGCACTCGAA
ACCGTCCAGAGGT TGCTGCCTGTGCTGTGCCAAGCGCACGGACTTACGCC
AGAGCAGGTCGETGGCAATTGCGAGCAACAT CGGGLGAAAGCAGGCACTCG
ARAACCOETCCAGAGGT TGCTGCCTOTGCTGTGCCAAGCGCACGGACTAACC
CCAGAGCAGGTCGETGGCAATTGCGAGCAACCACGLGLGAAAGCAGGCACT
CGAAACCOTCCAGAGGT TGCTGCCTGTGCTGTGCCAAGCGCACGGGETTGA
CCCCAGAGCAGGTCGETGGCAATTGCGAGCAACATCGLGLEGAAAGCAGGCA
CTCGAAACCGTCCAGAGGTTGCTGCCTGTGCTGTGCCAAGCGCACGGCCT
GACCCCAGAGCAGGTCGTGGCAATTGCGAGCAACGGAGGGLGAAAGCAGG
CACTCGAAACCGOGTCCAGAGGT TGCTGCCTGTGCTGTGCCAAGCGCACGGA
CTGACACCAGAGCAGGT CGTGGCAATTGCGAGCAACGGAGGGGGAAAGCA
GGCACTCGAAACCGETCCAGAGGTTGCTGCCTGTGCTGTGCCAAGCGCACG
GCCTCACCCCAGAGCAGGTCGTGGCAATTGCGAGCCATGACGLGLGAAAG
CAGGCACTCGARAACCOGT CCAGAGGTTGCTGCCTGTGCTGTGCCAAGCGCA
CGGACT TACGCCAGAGCAGGT CGTGGCAATTGCGAGCAACGGAGGGGGAA
AGCAGGCACTCGAAACCOGT CCAGAGGTTGCTGCCTGTGCTGTGCCAAGCG
CACGGACTAACCCCAGAGCAGGT COTGGCAAT TGCGAGCAACATCGGEGEGEG

ARAGCAGGCACTCGAAACCOT CCAGAGGTTGCTGCCTGTGCTGTGCCAAG

CGCACGGLGTTGACCCCAGAGCAGGTCOTGGCAATTGCGAGCCATGACGGG
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GGAAAGCAGGCACTCGAAACCGTCCAGAGGTTGCTGCCTGTGCTGTGCCA
AGCGCACGGCCTGACCCCAGAGCAGOGT COTGGCAATTGCGAGCAACCALCG
GGEGGAAAGCAGGCACTCGAAACCGET CCAGAGGTTGCTGCCTGTGCTGTGC
CAAGCGCACGGACTGACACCAGAGCAGGTCOTGGCAATTGCGAGCAACCA
CGGLEGLAAAGCAGGCACTCLAAACCOGT CCAGAGGTTGCTGCCTGTGCTGT
GCCAAGCGCACGLACTCACGCCTGAGCAGGTAGTGGCTATTGCATCCAAC
ATCGGLEGECAGACCCGCACTGGAGT CAATCOGTGGCCCAGCTTTCGAGGCC
GGACCCCGCGCTOGGCCGCACTCACTAATGATCATCTTGTAGCGCTGGCCT
GCCTCGGCGGACGACCCGCCTTGGATGCGOGTGAAGAAGGGGCTCCCGCAC
GCGCCTGCATTGATTAAGCGGACCAACAGAAGGATTCCCGAGAGGACATC
ACATCGAGTGGCAGGCCTGCAGGGAAGTGGAAGTATGGTGAGCAAGGGCG
AGGAGCTGTTCACCGGGOETOGTGCCCATCCTGGT CGAGCTGGACGGCGALC
GTAAACGGCCACAAGTTCAGCGTGTCCGGLCGAGGGCGAGGGCGATGCCAC
CTACGGCAAGCTGACCCTGAAGCTGATCTGCACCACCGGCAAGCTGCCCG
TGCCCTGGCCCACCCTCOTGACCACCCTGGGCTACGGCCTGCAGTGCTTC
GCCCGCTACCCCGACCACATGAAGCAGCACGACTTCTTCAAGTCCGCCAT
GCCCGAAGGCTACGTCCAGGAGCGCACCATCTTCTTCAAGGACGACGGCA
ACTACAAGACCCGCGCCLGAGGTGAAGT TCGAGGGCGACACCCTGGTGAAC
CGCATCGAGCTGAAGGGCATCGACT TCAAGGAGGACGGCAACATCCTGGG
GCACAAGCTGGAGTACAACTACAACAGCCACAACGTCTATATCACCGCCG
ACAAGCAGAAGAACGGCATCAAGGCCAACTTCAAGATCCGCCACAACATC
GAGGACGGCGGCOTGCAGCTCGCCGACCACTACCAGCAGAACACCCCCAT
CGGCGACGGCCCCETGCTGCTGCCCGACAACCACTACCTGAGCTACCAGT
CCAAGCTGAGCAAAGACCCCAACGAGAAGCGCGATCACATGGTCCTGCTG
GAGTTCGTGACCGCCGCCGGGATCACTCTCGGCATGGACGAGCTGTACAL

GTAG.

In one embodiment, the present invention contemplates a
plasmid comprising a nucleic acid encoding a Cenl8 probe

having the sequence of:

(SEQ ID NO:
ATGGACTATAAGGACCACGACGGAGACTACAAGGATCATGATATTGATTA

CAAAGACGATGACGATAAGATGGCCCCAAAGAAGAAGCGGAAGGTCGGTA
TCCACGGAGT CCCAGCAGCCGTAGATTTGAGAACTTTGGGATATTCACAG
CAGCAGCAGGAAAAGATCAAGCCCAAAGTGAGGTCGACAGTCGCGCAGCA
TCACGAAGCGCTGETGGET CATGGETT TACACATGCCCACATCGTAGCCT
TGTCGCAGCACCCTGCAGCCCTTGGECACGGTCGCCGTCAAGTACCAGGAC
ATGATTGCGGCETTGCCOGAAGCCACACATGAGGCGATCETCGGETGET GGG
GAAACAGTGGAGCGGAGCCCGAGCGCTTGAGGCCCTGTTGACGGT CGCGG
GAGAGCTGAGAGGGCCTCCCCTTCAGCTGGACACGGGCCAGTTGCTGAAG
ATCGCGAAGCGOEGLEAGGAGTCACGGCOOETCGAGGCGLGTGCACGCGTGGECG

CAATGCGCTCACGGGAGCACCCCTCAACCTGACCCCAGAGCAGGTCGTGG
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CAATTGCGAGCAACGGAGGGGGAAAGCAGGCACTCGAAACCGTCCAGAGG
TTGCTGCCTGTGC TG TGCCAAGCGCACGGACT TACGCCAGAGCAGGETCGT
GGCAATTGCGAGCAACCACGGEGGGEAAAGCAGGCACTCGAAACCHTCCAGA
GGETTGCTGCCTGTGCTGTGCCAAGCGCACGGACTAACCCCAGAGCAGGTC
GTGGCAATTGCGAGCAACATCGGGGLAAAGCAGGCACTCGAAACCETCCA
GAGGTTGCTGCCTGTGCTGTGCCAAGCGCACGGLTTGACCCCAGAGCAGG
TCOGTGGCAATTGCGAGCAACATCOLGEGGAAAGCAGGCACTCGAAACCETC
CAGAGGTTGCTGCCTGTGCTGTGCCAAGCGCACGGCCTGACCCCAGAGCA
GGTCGTGGCAATTGCGAGCCATGACGGGGLAAAGCAGGCACTCGAAACCG
TCCAGAGGTTGCTGCCTGTGCTGTGCCAAGCGCACGGACTGACACCAGAG
CAGGTCGOGTGGCAATTGCGAGCCATGACGGGGGAAAGCAGGCACTCGAAAC
CGTCCAGAGGTTGCTGCCTOTGCTGTGCCAAGCGCACGGACTTACACCCG
AACAAGTCGETGGCAATTGCGAGCAACAT CGLGLELAAAGCAGGCACTCGAA
ACCGTCCAGAGGT TGCTGCCTGTGCTGTGCCAAGCGCACGGACTTACGCC
AGAGCAGGTCGETGGCAATTGCGAGCCATGACGGGGGAAAGCAGGCACTCG
AAACCOETCCAGAGGT TGCTGCCTGTGCTGTGCCAAGCGCACGGACTAACC
CCAGAGCAGGTCGETGGCAATTGCGAGCCATGACGLGLGAAAGCAGGCACT
CCAAACCOETCCAGAGGT TGCTGCCTGTGCTGTGCCAAGCGCACGGGETTGA
CCCCAGAGCAGGTCGTGGCAATTGCGAGCAACCACGLGLGGAAAGCAGGCA
CTCGAAACCOGTCCAGAGGT TGCTGCCTGTGCTGTGCCAAGCGCACGGCCT
GACCCCAGAGCAGGTCGTGGCAATTGCGAGCAACGGAGGGGGAAAGCAGG
CACTCGAAACCGOGT CCAGAGGT TGCTGCCTGTGCTGTGCCAAGCGCACGGA
CTGACACCAGAGCAGGTCGTGGCAATTGCGAGCAACGGAGGGGGAAAGCA
GGCACTCGAAACCGTCCAGAGGTTGCTGCCTGTGCTGTGCCAAGCGCACG
GCCTCACCCCAGAGCAGGTCGTGGECAATTGCGAGCAACGGAGGGLGAAAG
CAGGCACTCGARAACCOT CCAGAGGTTGCTGCCTGTGCTGTGCCAAGCGCA
CGGACT TACGCCAGAGCAGGT COTGGCAATTGCGAGCAACGGAGGGGGAA
AGCAGGCACTCGAAACCOT CCAGAGGTTGCTGCCTGTGCTGTGCCAAGCG
CACGGACTAACCCCAGAGCAGGT COTGGCAATTGCGAGCAACCACGGGGEG
AAAGCAGGCACTCGAAACCOT CCAGAGGTTGCTGCCTGTGCTGTGCCAAG
TCGCACGGGT TGACCCCAGAGCAGGCOGTGGCAATTGCGAGCAACATCGGG
GGAAAGCAGGCACTCGAAACCGTCCAGAGGTTGCTGCCTOGTGCTGTGCCA
AGCGCACGGCCTGACCCCAGAGCAGGTCOTGGCAATTGCGAGCAACATCG
GGGGAAAGCAGGCACTCGAAACCGTCCAGAGGTTGCTGCCTETGCTGTGC
CAAGCGCACGGACTGACACCAGAGCAGGTCGTGGCAATTGCGAGCAACCA
CGeGLEGLEAAAGCAGGCACTCGAAACCGTCCAGAGGTTGCTGCCTGTGCTGT
GCCAAGCGCACGGACTCACGCCTGAGCAGGTAGTGGCTATTGCATCCaac
cacGGGGECAGACCCGCACTGGAGTCAATCOGTGGCCCAGCTTTCGAGGCC

GGACCCCGCGECTGGECCGCACTCACTAATGATCATCTTGTAGCGCTGGECCT

GCOCTCGGCGGACGACCCGCCTTGGATGCGOGTGAAGAAGGGGCTCCCGCAC
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GCGCCTGCATTCAT TAACGCCCACCAACACGAACCATTCCCCACAGCGACATC

ACATCGAGTGGCAGGCCTGCAGGGAAGTGGAAGTATGGTGAGCAAGGGCG
AGGAGCTGTTCACCGLGGOGTOGLTGCCCATCCTGOT CGAGCTGGACGGCGAC
TGTAAACGGCCACAAGTTCAGCGTGCCGGCGAGGGCGAGGGCGATGCCAC
CTACGGCAAGCTGACCCTGAAGCTGATCTGCACCACCGGCAAGCTGCCCG
TGCCCTGGCCCACCCTCOTGACCACCCTGGGCTACGGCCTGCAGTGCTTC
GCCCGCTACCCCGACCACATGAAGCAGCACGACTTCTTCAAGTCCGCCAT
GCCCGAAGGCTACGTCCAGGAGCGCACCATCTTCTTCAAGGACGACGGCA
ACTACAAGACCCGCGCCGAGGTGAAGT TCGAGGGCGACACCCTGGTGAAC
CGCATCGAGCTGAAGGGCATCGACT TCAAGGAGGACGGCAACATCCTGGG
GCACAAGCTGGAGTACAACTACAACAGCCACAACGTCTATATCACCGCCG
ACAAGCAGAAGAACGGCATCAAGGCCAACTTCAAGATCCGCCACAACATC
GAGGACGGCGGCOTGCAGCTCGCCGACCACTACCAGCAGAACACCCCCAT
CGGCGACGGCCCCOETGCTGCTGCCCGACAACCACTACCTGAGCTACCAGT
CCAAGCTGAGCAAAGACCCCAACGAGAAGCGCGATCACATGLTCCTGCTG
AGAGTTCOGTGACCGCCGCCOGGGATCCTCTCOGGCATGGACGAGCTGTACAA

GTAG.

In one embodiment, the present invention contemplates a
plasmid comprising a nucleic acid encoding a Pan Cen probe

having the sequence of:

(SEQ ID NO:
ATGGACTATAAGGACCACGACGGAGACTACAAGGATCATGATATTGATTA

CAAAGACGATGACGATAAGATGGCCCCAAAGAAGAAGCGGAAGGTCGGTA
TCCACGGAGT CCCAGCAGCCGTAGATTTGAGAACTTTGGGATATTCACAG
CAGCAGCAGGAAAAGATCAAGCCCAAAGTGAGGTCGACAGTCGCGCAGCA
TCACGAAGCGCTGOETGGET CATGGGETT TACACATGCCCACATCGTAGCCT
TGTCGCAGCACCCTGCAGCCCTTGGCACGGTCGCCGTCAAGTACCAGGAC
ATGATTGCGGCGTTGCCGGAAGCCACACATGAGGCGATCGTCGGETGETGGG
GAAACAGTGGAGCGGAGCCCGAGCGCTTGAGGCCCTEGTTGACGGTCGCEG
GAGAGCTGAGAGGGCCTCCCCTTCAGCTGGACACGGGCCAGTTGCTGAAG
ATCGCGAAGCGLEGEEAGGAGTCACGGCOOETCGAGGCGGETGCACGCGTGEGECG
CAATGCGCTCACGGGAGCACCCCTCAACCTGACCCCAGAGCAGGTCGTGG
CAATTGCGAGCAACATCOLLGLGEAAAGCAGGCACTCGAAACCGTCCAGAGG
TTGCTGCCTGTGCTGTGCCAAGCGCACGGACTTACGCCAGAGCAGGTCGT
GGCAATTGCGAGCAACCACGGGGGAAAGCAGGCACTCGAAACCOTCCAGA
GGTTGCTGCCTGTGCTGTGCCAAGCGCACGGACTAACCCCAGAGCAGGTC
GTGGCAATTGCGAGCAACATCGGGEGEGAAAGCAGGCACTCGAAACCGTCCA
GAGGTTGCTGCCTGTGCTGTGCCAAGCGCACGGGTTGACCCCAGAGCAGG
TCGTGGCAATTGCGAGCCATGACGGGGGAAAGCAGGCACTCGAAACCGTC
CAGAGGTTGCTGCCTGTGCTGTGCCAAGCGCACGGCCTGACCCCAGAGCA

GGETCGTGGCAATTGCGAGCAACATCGGGEELAAAGCAGGCACTCGAAACCE
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TCCAGAGCTTECTCCCTATCC TETGCCAAGCECACGCACTCACACCAGAR

CAGGTCOGTGGCAATTGCGAGCAACCACGLGLGAAAGCAGGCACTCGAAAC
CGTCCAGAGGTTGCTGCCTOTGCTGTGCCAAGCGCACGGACTTACACCCG
AACAAGTCGETGGCAATTGCGAGCAACAT CGGGLEGAAAGCAGGCACTCGAA
ACCGTCCAGAGGTTGCTGCCTGTGCTGTGCCAAGCGCACGGACTTACGCC
AGAGCAGGTCGETGGCAATTGCGAGCAACATCGGGGGAAAGCAGGCACTCG
ARACCGTCCAGAGGTTGCTGCCTGTGCTGTGCCAAGCGCACGGACTAACC
CCAGAGCAGGTCOETGGCAATTGCGAGCAACCACGLGLGAAAGCAGGCACT
CEARAACCOETCCAGAGGT TGCTGCCTGTGCTGTGCCAAGCGCACGGGETTGA
CCCCAGAGCAGGTCETGGCAATTGCGAGCCATGACGLGEGAAAGCAGGCA
ClTCCAAACCOETCCAGAGGT TGCTGCCTGTGCTGTGCCAAGCGCACGGCCT
GACCCCAGAGCAGGTCGTGGCAATTGCGAGCAACAT CGLLGLLGAAAGCAGG
CACTCGAAACCGT CCAGAGGT TGCTGCCTGTGCTGTGCCAAGCGCACGGA
CTGACACCAGAGCAGGTCGTGGCAATTGCGAGCAACGGAGGGGGAAAGCA
GGCACTCGAAACCGTCCAGAGGTTGCTGCCTGTGCTGTGCCAAGCGCACG
GCCTCACCCCAGAGCAGGTCGTGGCAATTGCGAGCAACGGAGGGGGAAAG
CAGGCACTCGARAACCGOGT CCAGAGGTTGCTGCCTGTGCTGTGCCAAGCGCA
CGGACT TACGCCAGAGCAGGT CGTGGCAATTGCGAGCCATGACGGGGGAA
AGCAGGCACTCGAAACCOGT CCAGAGGTTGCTGCCTGTGCTGTGCCAAGCG
CACGGACTAACCCCAGAGCAGGT COTGGCAAT TGCGAGCAACGGAGGGGG
AAAGCAGGCACTCGAAACCOT CCAGAGGTTGCTGCCTGTGCTGTGCCAAG
CGCACGGLETTGACCCCAGAGCAGGTCOTGGCAAT TGCGAGCCATGACGGG
GGAAAGCAGGCACTCGAAACCGTCCAGAGGTTGCTGCCTGTGCTGTGCCA
AGCGCACGGCCTGACCCCAGAGCAGGTCOTGGCAATTGCGAGCAACATCG
GGGGAAAGCAGGCACTCGAAACCGTCCAGAGGTTGCTGCCTGTGCTGTGC
CAAGCGCACGGACTGACACCAGAGCAGGTCGTGGCAATTGCGAGCAACCA
CGGGGLAAAGCAGGCACTCGAAACCGTCCAGAGGTTGCTGCCTGTGCTGT
GCCAAGCGCACGGACTCACGCCTGAGCAGGTAGTGGCTATTGCAT CCaac
at cGGGGGECAGACCCGCACTGGAGTCAATCGTGGCCCAGCTTTCGAGGCC
GGACCCCGCGCTGGCCGCACTCACTAATGATCATCTTGTAGCGCTGGECCT
GCCTCGGCGGACGACCCGCCTTGGATGCGETGAAGAAGGGGCTCCCGCAC
GCGCCTGCATTGATTAAGCGGACCAACAGAAGGATTCCCGAGAGGACATC
ACATCGAGTGGCAGGCCTGCAGGGAAGTGGAAGTATGGETGAGCAAGGGCG
AGGAGCTGTT CACCGGGET GG TGCCCATCCTGOT CGAGCTGGACGGCGAC
GTAAACGGCCACAAGTTCAGCGTGTCCOGGCGAGGGCGAGGGCGATGCCAC
CTACGGCAAGCTGACCCTGAAGCTGATCTGCACCACCGGCAAGCTGCCCG
TGCCCTGGCCCACCCTCOTGACCACCCTOGGGCTACGGCCTGCAGTGCTTC
GCCCGCTACCCCGACCACATGAAGCAGCACGACTTCTTCAAGTCCGCCAT
GCCCGAAGGCTACGTCCAGGAGCGCACCATCTTCTTCAAGGACGACGGCA

ACTACAAGACCCGCGCCGAGGTGAAGTTCGAGGGCGACACCCTGGTGAAC

CGCATCGAGCTGAAGGGCATCGACTTCAAGGAGGACGGCAACATCCTGGG



US 9,476,884 B2

31

-continued

GCACAAGCTGGAGTACAACTACAACAGCCACAACGTCTATATCACCGCCG
ACAAGCAGAAGAACGGCATCAAGGCCAACTTCAAGATCCGCCACAACATC
GAGGACGGCGEGCOTGCAGCTCGCCGACCACTACCAGCAGAACACCCCCAT
CGGCGACGGCCCCETGCTGCTGCCCGACAACCACTACCTGAGCTACCAGT
CCAAGCTGAGCAAAGACCCCAACGAGAAGCGCGATCACATGLTCCTGCTG
GAGTTCGTGACCGCCGCCOGGATCACTCTCGGCATGGACGAGCTGTACAA

GTAG.

Human chromosome 15 i1s one of five autosomes that
carry a tandem array of repeated genes for ribosomal RNA
in their acrocentric arms. Therefore, the juxtaposition of the
centromere 15 and telomere signals near nucleoli i a
number of cases 1s notable. See, FI1G. 6, lower row, far right
panel. Although 1t 1s not necessary to understand the mecha-
nism of an invention, it 1s believed that this observation
triangulates the centromere, the rDNA array (nucleolus) and
the adjacent telomere 1n a spatial configuration compatible
with the close distances among these three sites on chro-
mosome 15. This suggests that the TALE-based method 1s
accurately reading interphase genomic space.

In one embodiment, the present invention contemplates
methods of detecting nucleic acid sequences using the
specific nucleotide sequence recognition capacity of Tran-
scription Activator-Like Effector (TALE’s). In one embodi-
ment, the method comprises a high athmity of TALE for
double stranded DNA sequence targets. Although 1t 1s not
necessary to understand the mechanism of an invention, 1t 1s
believed that such sequence specificity and preferential
recognition of targeted sequences 1n native DNA, the attach-
ment of a fluorescent protein to a given TALE produces
strong signals when a targeted sequence 1s tandemly
repeated 1n the genome provided that a tethered fluorescent
protein did not interfere with DNA sequence recognition in
the TALE backbone. The present data 1s consistent with this
beliel. In some embodiments, the present invention contem-
plates specific target nucleic acids, located in either the
centromere chromosome region and/or the teleomere chro-
mosome region. See, Table 1.

TABLE 1

TALE Probe Targeting Of Centromere And/Or
Teleomer Nucleic Acid Sequences

sedquence

TALE Probe Identification
Degignation Target Sequence Number
TALE-TelRo TAACCC SEQ ID NO: 11
TALE-TelRS TAACCCTAA SEQ ID NO: 12
TALE-TelR12 TAACCCTAACCC SEQ ID NO: 13
TALE-TelR15 TAACCCTAACCCTAA SEQ ID NO: 14
TALE-TelR20 TAACCCTAACCCTAACCCTA SEQ ID NO: 15
TALE-TelL20 TAGGGTTAGGGTTAGGGTTA SEQ ID NO: 16
TALE-PanCen TAGACAGAAGCATTCTCAGA SEQ ID NO: 17
TALE-Cenlb TCACTTCAAGATTCTACGGA SEQ ID NO: 18
TALE-Cenl8 TTGAACCACCGTTTTGAAGG SEQ ID NO: 19
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The compositions and methods disclosed herein label
telomeric repeat double stranded DNA sequences, cen-
tromere sequence common to all chromosomes and cen-
tromere repeat sequences that are chromosome specific. It 1s
expected that this method can be successtul 1n detecting any
other tandemly repeated DNA sequence element in any
genome, 1mcluding, but not limited to, genes for ribosomal
RNA (known to undergo expansion or attrition) or ones
implicated 1 human diseases prior to and after genomic
expansion. Clinically, these methods are directly relevant to
the study, diagnosis and treatment of trinucleotide repeat
expansion diseases. Mirkin, S. M., “Expandable DNA
repeats and human disease” Nature 447, 932-40 (2007). The
ability of this method to label specific human chromosomes
also offers unique opportunities to detect aberrant chromo-
somes. For example, the intranuclear dynamics of all three
21 chromosomes in human trisomy 21 patient cells may be
labeled and tracked 1n relation to the territories they explore
in these live cell studies. Antonarakis et al., “Chromosome
21 and down syndrome: from genomics to pathophysiology”
Nat. Rev. Genet. 5, 725-38 (2004).

The highly sensitive sequence specificity of TALEs pro-
vide that the present embodiments may have broad clinical
applications. Meckler et al., “Quantitative analysis of TALE-
DNA 1nteractions suggests polarity eflects” Nucleic Acids
Res. 41, 4118-28 (2013). The specific intensity of the TALE
fluorescence and the genomic prevalence of specific targeted
DNA sequences (down to possibly single-copy genes) are
generally considered the primary considerations. Another
consideration 1s that the presently disclosed TALE-based
method docks (i.e., attaches, binds, etc) a proten (e.g., a
TALE protein) with its attached fluorescent protein onto a
specific DNA target sequence. Although the present data
suggest that the fluorescent protein does not interfere with
the binding of the TALE protein to the double stranded DNA
target sequence, live cell applications of this method are
interpreted by treating the fluorescent protein as “cargo”.

In some embodiments, the fixed cell TALE-based method
has a number of advantages over conventional methods
known 1n the art. For example, the preparation of fluorescent
TALEs by coupled 1n vitro transcription-translation 1s very
time-eflicient compared to the synthesis or commercial
procurement ol fluorescent oligonucleotide probes for con-
ventional FISH. Even more advantageous is the very fast
timescale of the TALE-based protocol. Starting with a
coverglass culture, the steps of methanol fixation, rinse,
probe incubation, and rinse takes less than one hour as
compared to several hours 1n typical FISH methods. Further,
the ability of TALE’s to recognize targeted sequences in
double-stranded DNA obviates the need for a DNA dena-
turation step. Non-bound TALE’s require only a single,
rapid wash for removal.

Preliminary studies using the presently disclosed method
with human cells having diflering telomere lengths sug-
gested that the TALE-based signals may be useful to actually
measure an average telomere length. Absent a direct deter-
mination of how many TALEs bind along the telomeric
repeat in a truly quantitative way (i.e. with a linear relation-
ship between telomere length and signal intensity over a
wide range), it 1s clear that the signal intensities do correlate

with the average telomere lengths of the cell lines. This
result suggests that this method, with refinement, could have
clinical applications 1n diagnostic situations where the aver-
age telomere length of a cell biopsy 1s relevant. Kim, et al.,
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“Specific association of human telomere activity with
immortal cells and cancer” Science 266, 2011-2015 (1994).

EXPERIMENTAL

Example I
Construction of TAL EColor Plasmids

TALEs for TALEColor were assembled using the TAL

cllector toolbox obtamned from Addgene (Cambridge,
Mass.). Sanjana et al., “A transcription activator-like effector
toolbox for genome engineering” Nat. Protoc. 7: 171-92
(2012). The destination vector for mammalian cell expres-
sion was derived from pcDNA4-TO-Hygromycin and con-
tains a FLAG tag, the SV40 NLS and a truncated wild-type
TALE backbone from the toolbox. Ma et al., “A highly

cilicient multifunctional tandem athmity purification
approach applicable to diverse organisms™ Mol. Cell. Pro-

teomics 11, 501-11 (2012).

For specific telomere and centromere DNA probes, tan-
dem repeats of 34-amino acid TALE monomers targeting
6-20 bp 1n the case of telomeric repeats and 20 bp in the case

of the centromeric repeats were inserted into the destination
vector to generate pcDNA4-TO-TelL20-mCerulean,
pcDNA4-TO-TelL20-mVenus, pcDNA4-TO-TelR20-mCe-
rulean,  pcDNA4-TO-TelR20-mVenus,  pcDNA4-TO-
TelR20-mCherry for telomeres; and pcDNA4-TO-PanCen-
mVenus, pcDNA4-10O-Cenl8-mVenus, pcDNA4-TO-
Cenl5-mVenus for centromeres.

To produce TALEColors by 1n vitro coupled transcription-
translation for the fixed cell application the 1-Step Human
Coupled IVT Kit (Pierce, Rockiord, 11l.) was used. TelR15
coding sequences were subcloned from the mammalian
expression plasmid into 1n vitro translation plasmid
p1T7CFE1-His and generated pT7CFE1-TelR15-mTagBFP2,
pT7CFE1-TelR15-mTFP1, pT7CFE1-TelR15-s1GFP,
pT7CFE1-TelR15-YPet, pT7CFEl-TelR15-mCherry. To
produce TelR15 with Green Lysine incorporation, TelR15 or
TelR15-mCherry were subcloned into the bacterial expres-
sion plasmid pET30a to generate pET30a-TelR15 and
pET30a-TelR15-mCherry. and these plasmids were then
used to program coupled transcription-translation in the TnT
T7 Quick Coupled kit (Promega, Madison, Wis.) 1 the
presence of Green Lysine (Promega, Madison, Wis.).

Example 11

Telomere and Centromere Target Sequences of
TALEColors

TALEs were designed to target the human telomere repeat
(TTAGGG) regions on either strand. The forward telomere
target sequence (Tell) was the 20-mer TAGGGTTAGGGT-
TAGGGTTA (SEQ ID NO: 16). The reverse telomere target
sequences (IelR) were the 20-mer TAACCCTAAC-
CCTAACCCTA (SEQ ID NO: 15), the 15-mer TAAC-
CCTAACCCTAA (SEQ ID NO: 14), the 12-mer TAAC-
CCTAACCC (SEQ ID NO: 13), the 9-mer: TAACCCTAA
(SEQ ID NO: 12) and the 6-mer: TAACCC (SEQ ID NO:
11). The pan-centromere target sequence, the chromosome
15-specific centromere target sequence and the chromosome
18-specific centromere target sequence were TAGACA-

AAGCATTCTCAGA (SEQ ID NO: 17), TTGAACCAC-
CGTTTTGAAGG (SEQ ID NO: 19) and TCACT-
TCAAGATTCTACGGA (SEQ ID NO: 18) respectively.

10

15

20

25

30

35

40

45

50

55

60

65

34

Example III

Cell Culture and Transtection of TALEColors

The U205, HelLa 1.311, HelLa S3 and IMR90 cells were
cultured at 37° C. in Dulbecco-modified Eagle’s Minimum

Essential Medium (DMEM, Life Technologies, Grand
Island, N.Y.) supplemented with 10% fetal bovine serum

(FBS). RPE1 cells were cultured at 37° C. in DMEM:F12
medium supplemented with 10% FBS. Uetake et al., “Cell

cycle progression and de novo centriole assembly after
centrosomal removal in untransformed human cells” J. Cell

Biol. 176, 173-82 (2007). For lrve imaging, cells were grown
on Lab-Tek two-well coverglasses in HEPES-builered

DMEM containing 10% FBS, penicillin (100 units/ml) and
streptomycin (100 ug/ml) and then overlaid with mineral o1l.
50 ng of TALEColor plasmids were transfected using lipo-
tectamine 2000 (Life Technologies, Grand Island, N.Y.) and
the cells were incubated for another 24 hrs. The microscope
stage incubation chamber was maintained at 37° C. as
described previously. Jacobson et al., “RNA traflic and
localization reported by fluorescence cytochemistry” In.
Analysis of mRNA Formation and Function. Richter, 1. D.,
ed. Academic Press, NY, pp. 341-359 (1997).
Phase-contrast and fluorescence microscopy were per-
formed with a Leica DM-IRB inverted microscope equipped
a mercury arc lamp, a 10-position filter wheel (Sutter

Instrument, Novato, Calif.), CFP/YFP/HcRed filter set,
GFP/DsRed filter set (Semrock, Rochester, N.Y.), a CCD
camera (Photometrics, Tuscon, Ariz.) and MetaMorph
acquisition software (Molecular Devices, San Jose, Calif.).

Example 1V
DNA Labeling by TALEColors 1n Fixed Cells

Cells grown on coverslips were fixed 1n ice-cold methanol
for 10 min at —20° C. All subsequent steps were carried out
at room temperature. The fixed cells were incubated with 2N
HCI for 5 min and then washed twice with PBS for 5 min
cach and then incubated with a given TALEColor probe as
a 1:10 dilution from the coupled 1n vitro transcription-
translation reactions mixtures for 30 min. The cells were
then washed once with PBS for 5 min. Coverslips were
mounted in Prolong Antifade (Molecular Probes, Eugene,
Oreg.), and i1mages were captured with the fluorescence
microscopy system described above.

Example V

TALEColor Quantification and Single-Cell Imaging
by Flow Cytometry

After labeling fixed cells with a given TALEColor probe
as described above, they were trypsinized and centrifuged at
200 ¢ for 5 min. and then washed once with PBS. The cell
concentration was adjusted to 1x107/ml in PBS and ice-cold
methanol was then added to a final concentration of 90%
(vol/vol) with gentle mixing. 10° cells were resuspended in
100 ul of 2N HCIl and incubated at 5 min at ambient
temperature, then washed 3 times with 100 ul PBS (300 g,
2 min.). The cells were resuspended and DNA was labeled
by adding 100 ul PBS containing 1 ug/ml of DAPI or
DRAQS5 for 10 min. and then washed twice with 100 ul PBS.
Imaging tlow cytometry was performed in the UMass Medi-
cal School FACS Core Facility with an Amnis FlowSight
imaging cytometer (Amnis, Seattle, Wash.). GFP was
excited at 488 nm and 1ts emission was collected 1n a
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505-560 nm channel; DAPI was excited at 405 nm and its nm filter. Flow cytometry and quantitative imaging data
emission collected using a 430-505 nm filter. DRAQS was were acquired and analyzed by INSPIRE and IDEAS soft-
excited at 642 nm and its emission collected using a 642-740 ware (Ammis, Seattle, Wash.), respectively.

SEQUENCE LISTING

<160> NUMBER OF SEQ ID NOS: 29

«<210> SEQ ID NO 1
<211> LENGTH: 34

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic
<400> SEQUENCE: 1

Leu Thr Pro Glu Gln Val Val Ala Ile Ala Ser His Asp Gly Gly Lys

1

5

10

15

Gln Ala Leu Glu Thr Val Gln Arg Leu Leu Pro Val Leu Cys Gln Ala

His

<210>
«211>
212>
«213>
<220>
223>

<400>

Gly

20

SEQUENCE :

Met Ala Thr Thr

1

Vval

Gly

2la

65

Leu

Ser

ATrg

2la
145

Tle

Leu

Val

Gln

Gln
225

Asp

Pro

His

50

Ala

Pro

Gly

Gly

Arg

130

Leu

Ala

Leu

Ala

Arg

210

Val

Leu

Lys

35

Gly

Leu

Glu

Ala

Pro

115

Gly

Thr

Ser

Pro

Tle
195

Leu

Vval

Arg

20

Val

Phe

Gly

Ala

Arg

100

Pro

Gly

Gly

Agn

Val
180

Ala

Leu

Ala

SEQ ID NO 2
LENGTH:
TYPE: PRT
ORGANISM: Artificial Sequence
FEATURE :
OTHER INFORMATION:

371

2
His

5

Thr

Arg

Thr

Thr

Thr

85

Ala

Leu

Val

2la

Tle
165

Leu

Ser

Pro

Tle

Met

Leu

Ser

His

Val

70

His

Leu

Gln

Thr

Pro

150

Gly

Agn

Val

Ala
230

25

Synthetic

Gly

Gly

Thr

Ala

55

2la

Glu

Glu

Leu

Ala

135

Leu

Gly

Gln

Tle

Leu
215

Ser

Ser

Val

40

His

Val

Ala

Ala

Asp

120

Val

AsSn

Ala

Gly
200

His

Gly
Ser
25

Ala

Tle

Ile

Leu

105

Thr

Glu

Leu

Gln

His
185
Gly

Gln

ASpP

Ile
10
Gln

Gln

Val

Val

50

Leu

Gly

Ala

Thr

Ala
170

Gly

Ala

Gly

Hig

Gln

His

Ala

Gln

75

Gly

Thr

Gln

Val

Pro

155

Leu

Leu

Gln

Hig

Gly
235

Gly

Gln

His

Leu

60

ASP

Val

Val

Leu

Hig

140

Glu

Glu

Thr

Ala

Gly
220

Val

Gln

Glu

45

Ser

Met

Gly

Ala

Leu

125

ala

Gln

Thr

Pro

Leu
205

Leu

Gln

30

Pro

Glu

30

Ala

Gln

Tle

Gly
110

Trp

Vval

Val

Glu
190
Glu

Thr

Ala

Ala

15

Leu

His

Ala

Gln

55

Glu

Tle

ATg

Val

Gln
175

Gln

Thr

Pro

Leu

Ala

Tle

Val

Pro

Ala

80

Trp

Leu

Ala

Asn

Ala

160

Arg

Val

Val

Glu

Glu
240



Thr

Pro

Leu

Leu

Pro

305

Leu

Gly

Ala

ATrg

<210>
<«211>
«212>
<213>
«220>
<223 >

<400>

Val

Glu

Glu

Thr

290

2la

2la

Arg

Leu

Val
2370

Gln

Gln

Thr

275

Pro

Leu

Ala

Pro

Ile

355

Ala

ATy

Val

260

Val

Glu

Glu

Leu

Ala
340

PRT

SEQUENCE :

Met Ala Thr Thr

1

Val

Gly
Ala
65

Leu

Ser

ATrg

Ala

145

Tle

Leu

Val

Gln

ASpP

Pro

His

50

2la

Pro

Gly

Gly

ATy

130

Leu

2la

Leu

ala

Arg
210

Leu

Lys

35

Gly

Leu

Glu

Ala

Pro

115

Gly

Thr

Ser

Pro

Ile
195

Leu

ATrg

20

Val

Phe

Gly

Ala

ATrg

100

Pro

Gly

Gly

Agn

Val
180

Ala

Leu

Leu
245

Vval

Gln

Gln

Ser

Thr

325

Leu

SEQ ID NO 3
LENGTH :
TYPE :
ORGANISM: Artificial Sequence
FEATURE:
OTHER INFORMATION:

473

3
Hig

5

Thr

Arg

Thr

Thr

Thr

85

2la

Leu

Val

Ala

Tle

165

Leu

Ser

Pro

Leu

Ala

ATrg

Val

Tle

310

Asn

ASpP

Thr

Met

Leu

Ser

His

Val

70

His

Leu

Gln

Thr

Pro
150

Gly

AsSn

Vval

37

Pro
Tle
Leu
Val
295
Val
Asp

bAla

Asn

Val

2la

Leu

280

Ala

Ala

His

Val

ATy
360

Leu

Ser

265

Pro

Tle

Gln

Leu

Lys

345

ATrg

Synthetic

Gly

Gly

Thr

Ala

55

Ala

Glu

Glu

Leu

Ala
135

Leu

Gly

Gln

ITle

Leu
215

Ser

Val

40

His

Val

2la

Ala

ASP

120

Val

Agn

Ala

Gly
200

Gly
Ser
25

Ala

Tle

Ile

Leu
105
Thr

Glu

Leu

Gln

His

185

Gly

Gln

Cys

250

His

Val

Ala

Leu

Val

330

Ile

Ile
10
Gln

Gln

Val

Val

50

Leu

Gly

ala

Thr
2la
170

Gly

2la

Gln

ASp

Leu

Ser

Ser

315

Ala

Gly

Pro

His

Gln

His

Ala

Gln

75

Gly

Thr

Gln

Val

Pro

155

Leu

Leu

Gln

His

-continued

Ala

Gly

His
300
ATYg

Leu

Leu

Glu

Gly

Gln

Hig

Leu

60

ASpP

Val

Val

Leu

His

140

Glu

Glu

Thr

Ala

Gly
220

Hig

Gly

Gln

285

Asp

Pro

Ala

Pro

Arg
365

Val

Gln

Glu

45

Ser

Met

Gly

Ala

Leu

125

Ala

Gln

Thr

Pro

Leu

205

Leu

Gly

Lys

270

2la

Gly

ASP

His
350

Thr

Pro

Glu
20
Ala

Gln

Tle

Gly
110

Trp

Val

Val

Glu

120

Glu

Thr

Leu

255

Gln

His

Gly

Pro

Leu

335

2la

Ser

ala

15

Leu

His

2la

Gln

55

Glu

Tle

ATrg

Val

Gln
175
Gln

Thr

Pro
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Thr

Ala

Gly

Ala
320
Gly

Pro

His

Ala

Tle

Val

Pro

Ala

80

Trp

Leu

b2la

Agn

Ala

160

Arg

Val

Val

Glu

38



Gln

225

Thr

Pro

Leu

Leu

Gln

305

Hig

Gly

Gln

Tle

Leu

385

Ser

Ser

Ala

Gly

Pro
465

<210>
<211>
<212 >
<213>
<220>
<223 >

Val

Val

Glu

Glu

Thr

290

2la

Gly

Ala

Gly

370

AgSh

Arg

Leu

Leu

450

Glu

Val

Gln

Gln

Thr

275

Pro

Leu

Leu

Gln

Hig

355

Gly

Gln

Tle

Pro

Ala

435

Pro

ATrg

Ala

ATrg

Val

260

Val

Glu

Glu

Thr

Ala

340

Gly

Ala

Gly

ASP

420

His

Thr

PRT

<400> SEQUENCE:

Met Ala Thr Thr

1

Val

Gly
Ala
65

Leu

Ser

ASpP

Pro

His
50

2la

Pro

Gly

Leu

Lys

35

Gly

Leu

Glu

Ala

ATJg
20

Val

Phe

Gly

Ala

ATrg
100

Ile

Leu

245

Val

Gln

Gln

Thr

Pro

325

Leu

Leu

Gln

His

Gly

405

Pro

Leu

2la

Ser

SEQ ID NO 4
LENGTH :
TYPE :
ORGANISM: Artificial Sequence
FEATURE:
OTHER INFORMATION:

575

4

His

5

Thr

ATy

Thr

Thr

Thr
85

2la

Ala

230

Leu

Ala

ATrg

Val

Val

310

Glu

Glu

Thr

Ala

Gly

390

ATrg

Ala

Gly

Pro

Hisg
4770

Met

Leu

Ser

His

Val
70

Hig

Leu

39

Ser
Pro
Ile
Leu
Val
295
Gln
Gln
Thr
Pro
Leu
375
Leu
Pro
Leu
Gly
Ala

455

Arg

Hig

Val

2la

Leu

280

Ala

ATrg

Val

Val

Glu

360

Glu

Thr

Ala

Ala

ATy

440

Leu

Val

ASP

Leu

Ser

265

Pro

Tle

Leu

Val

Gln

345

Gln

Thr

Pro

Leu

Ala

425

Pro

Tle

Ala

Synthetic

Gly

Gly

Thr

bAla
55
Ala

Glu

Glu

Ser

Val

40

His

Val

Ala

Ala

Gly

Ser
25

Ala

Tle

Ile

Leu
105

Gly

Cys

250

His

Val

2la

Leu

2la

330

Val

Val

Glu

Glu

410

Leu

ala

Tle
10

Gln

Gln

Val

Val
90

Leu

Gly

235

Gln

ASD

Leu

Ser

Pro

315

Tle

Leu

Val

Gln

Gln

395

Ser

Thr

Leu

Arg

His

Gln

His

Ala

Gln
75

Gly

Thr

-continued

Lys

Ala

Gly

Hig

300

Val

Ala

Leu

Ala

AYg

380

Val

Tle

AsSn

ASP

Thr
460

Gly

Gln

His

Leu
60

ASpP

Val

Val

Gln

His

Gly

Gln

285

Asp

Leu

Ser

Pro

Ile

365

Leu

Val

Val

Asp

Ala

445

AsSn

Val

Gln

Glu

45

Ser

Met

Gly

Ala

Ala

Gly

Lys

270

Ala

Gly

Agn

Val

350

Ala

Leu

2la

Ala

His

430

Val

ATrg

Pro

Glu
20

Ala

Gln

Tle

Gly
110

Leu

Leu

255

Gln

His

Gly

Gln

Gly

335

Leu

Ser

Pro

Ile

Gln

415

Leu

Arg

2la
15

Leu

His

2la

Gln

S5

Glu
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Glu
240
Thr

2la

Gly

2la
320

Gly

Agn

Val

2la

400

Leu

Val

Tle

b2la

Ile

Val

Pro

b2la

80

Trp

Leu

40



ATy

Ala

145

Tle

Leu

Val

Gln

Gln

225

Thr

Pro

Leu

Leu

Gln

305

His

Gly

Gln

Tle

Leu

385

Ser

Pro

Tle

Leu

Val

465

Gln

Gln

Ser

Gly
Arg
130

Leu

Ala

Leu

2la

Arg

210

Val

Val

Glu

Glu

Thr

290

2la

Gly

2la

Gly

370

Agn

Val

2la

Leu

450

2la

Arg

Val

Tle

Pro

115

Gly

Thr

Ser

Pro

Ile

195

Leu

Val

Gln

Gln

Thr

275

Pro

Leu

Leu

Gln

His

355

Gly

Gln

Ile

Leu

Ser

435

Pro

Tle

Leu

Val

Val
515

Pro

Gly

Gly

Agnh

Val

180

Ala

Leu

Ala

ATy

Val

260

Val

Glu

Glu

Thr

Ala

340

Gly

Ala

Gly

Cys

420

His

Val

Ala

Leu

Ala
500

Ala

Leu

Vval

Ala

ITle

165

Leu

Ser

Pro

Ile

Leu

245

Vval

Gln

Gln

Thr

Pro

325

Leu

Leu

Gln

His

Gly

405

Gln

AsSp

Leu

Ser

Pro

485

Ile

Gln

Gln

Thr

Pro

150

Gly

Asn

Vval

Ala

230

Leu

Ala

ATrg

Val

Val

310

Glu

Glu

Thr

Ala

Gly

390

Lys

Ala

Gly

His
470
Val

Ala

Leu

41

Leu
Ala
135
Leu
Gly
Gln
ITle
Leu
215
Ser
Pro
Tle
Leu
Val
295
Gln
Gln
Thr
Pro
Leu
375
Leu
Gln
His
Gly

Gln
455
Asp
Leu

Ser

Ser

ASP
120
Val

Agn

Ala

Gly

200

His

Val

2la

Leu

280

Ala

ATrg

Val

Val

Glu

360

Glu

Thr

2la

Gly

Lys

440

Ala

Gly

Hig

Arg
520

Thr

Glu

Leu

Gln

His

185

Gly

Gln

ASP

Leu

Ser

265

Pro

Tle

Leu

Val

Gln

345

Gln

Thr

Pro

Leu

Leu

425

Gln

Hig

Gly

Gln

ASP
505

Pro

Gly

2la

Thr

Ala

170

Gly

2la

Gly

Cys

250

His

Val

Ala

Leu

ala

330

Val

Val

Glu

Glu

410

Thr

2la

Gly

2la
490

Gly

ASp

Gln

Val

Pro

155

Leu

Leu

Gln

His

Gly

235

Gln

ASpP

Leu

Ser

Pro

315

Ile

Leu

Val

Gln

Gln

395

Thr

Pro

Leu

Leu

Gln
475

His

Gly

Pro

-continued

Leu

Hig

140

Glu

Glu

Thr

Ala

Gly

220

Ala

Gly

His

300

Val

Ala

Leu

Ala

ATrg

380

Val

Val

Glu

Glu

Thr

460

Ala

Gly

ATYJ

Ala

Leu

125

Ala

Gln

Thr

Pro

Leu

205

Leu

Gln

Hig

Gly

Gln

285

Asp

Leu

Ser

Pro

Tle

365

Leu

Vval

Gln

Gln

Thr

445

Pro

Leu

Leu

Pro

Leu
525

Lys

Trp

Val

Val

Glu

120

Glu

Thr

Ala

Gly

Lys

270

2la

Gly

Agn

Val

350

Ala

Leu

Ala

ATg

Val

430

Val

Glu

Glu

Thr

Ala

510

Ala

Ile

Arg

Val

Gln

175

Gln

Thr

Pro

Leu

Leu

255

Gln

His

Gly

Gln

Gly

335

Leu

Ser

Pro

Tle

Leu

415

Val

Gln

Gln

Thr

Pro

495

Leu

2la
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Ala

Agn

2la

160

Arg

Val

Val

Glu

Glu

240

Thr

Ala

Gly

b2la
320

Gly

Agn

Val

Ala

400

Leu

Ala

Val

Val

480

Glu

Glu

Leu

42



Thr Asn Asp His Leu Val

530

Leu Asp Ala Val Lys Lys

545

550

Arg Thr Asn Arg Arg Ile

<210>
<211>
<212>
<213>
<220>
<223 >

PRT

<400> SEQUENCE:

Met Ala Thr Thr

1

Val

Gly

Ala

65

Leu

Ser

ATg

Ala

145

Tle

Leu

Val

Gln

Gln

225

Thr

Pro

Leu

Leu

Gln
205

ASpP

Pro

His

50

2la

Pro

Gly

Gly

Arg

130

Leu

Ala

Leu

2la

Arg

210

Val

Val

Glu

Glu

Thr

290

2la

Leu

Lys

35

Gly

Leu

Glu

Ala

Pro

115

Gly

Thr

Ser

Pro

Ile

195

Leu

Val

Gln

Gln

Thr

275

Pro

Leu

ATg

20

Val

Phe

Gly

Ala

ATg

100

Pro

Gly

Gly

Agnh

Val

180

Ala

Leu

Ala

ATJg

Val

260

Val

Glu

Glu

565

SEQ ID NO b
LENGTH :
TYPE :
ORGANISM: Artificial Sequence
FEATURE:
OTHER INFORMATION:

677

5

His
5

Thr

Thr

Thr

Thr

85

2la

Leu

Vval

2la

ITle

165

Leu

Ser

Pro

Tle

Leu

245

Vval

Gln

Gln

Thr

Met

Leu

Ser

His

Val

70

His

Leu

Gln

Thr

Pro

150

Gly

Asn

Val

Ala
230

Leu

Ala

ATrg

Val

Vval
210

43

2la Leu Ala

535

Gly Leu Pro

Pro Glu Arg

Synthetic

Gly

Gly

Thr

Ala

55

Ala

Glu

Glu

Leu

bAla

135

Leu

Gly

Gln

Ile

Leu

215

Ser

Pro

Tle

Leu

Val
295

Gln

Ser

Val

40

His

Val

Ala

Ala

ASP

120

Val

Agn

2la

Gly
200

His

Val

Ala

Leu

280

Ala

Arg

Gly
Ser
25

Ala

Tle

Tle

Leu

105

Thr

Glu

Leu

Gln

His

185

Gly

Gln

ASDP

Leu

Ser

265

Pro

Ile

Leu

Cys

His

Thr
570

Tle
10
Gln

Gln

Val

Val

50

Leu

Gly

2la

Thr

Ala

170

Gly

Ala

Gly

Cys

250

His

Val

ala

Leu

Leu
Ala
555

Ser

His

Gln

His

Ala

Gln

75

Gly

Thr

Gln

Val

Pro

155

Leu

Leu

Gln

His

Gly

235

Gln

ASp

Leu

Ser

Pro
315

-continued

Gly Gly Arg Pro

540

Pro Ala Leu Ile

His Arg Val Ala

Gly

Gln

His

Leu

60

ASDP

Val

Val

Leu

Hig

140

Glu

Glu

Thr

Ala

Gly

220

Ala

Gly

His
300

Val

val

Gln

Glu

45

Ser

Met

Gly

Ala

Leu

125

Ala

Gln

Thr

Pro

Leu

205

Leu

Gln

Hig

Gly

Gln
285

Asp

Leu

Pro

Glu

30

Ala

Gln

Ile

Gly

110

Trp

Val

Val

Glu

120

Glu

Thr

Ala

Gly
Lys
270

Ala

Gly

575

2la

15

Leu

His

2la

Gln

55

Glu

Ile

Arg

Val

Gln

175

Gln

Thr

Pro

Leu

Leu

255

Gln

His

Gly

Gln

US 9,476,884 B2

2la

Lys
560

Ala

Ile

Val

Pro

2la

80

Trp

Leu

Ala

Agn

b2la

160

Val

Val

Glu

Glu

240

Thr

Ala

Gly

Ala
320

44



Hig

Gly

Gln

Ile

Leu

385

Ser

Pro

Tle

Leu

Val

465

Gln

Gln

Thr

Pro

Leu

545

Leu

Gln

His

Gly

Pro

625

Leu

Ala

Ser

<210>
<211>
«212>
<213>
<220>
<223 >

<400>

Gly

Ala
Gly

370

Agn

Val

2la

Leu

450

2la

Arg

Val

Val

Glu

530

Glu

Thr

2la

Gly

Arg

610

2la

Gly

Pro

His

Leu

Gln

His

355

Gly

Gln

Tle

Leu

Ser

435

Pro

Ile

Leu

Val

Gln

515

Gln

Thr

Pro

Leu

Leu

595

Pro

Leu

Gly

Ala

Arg
675

Thr
Ala
240

Gly

Ala

Gly

Cys

420

His

Val

Ala

Leu

Ala

500

ATy

Val

Val

Glu

Glu

580

Thr

Ala

Ala

ATy

Leu
660

Val

PRT

SEQUENCE :

Pro

325

Leu

Leu

Gln

Hig

Gly

405

Gln

Asp

Leu

Ser

Pro

485

Ile

Leu

Vval

Gln

Gln

565

Thr

Pro

Leu

2la

Pro

645

Tle

Ala

SEQ ID NO 6
LENGTH :
TYPE :
ORGANISM: Artificial Sequence
FEATURE:
OTHER INFORMATION:

847

6

Glu

Glu

Thr

Ala

Gly

390

Lys

Ala

Gly

Hig

470

Vval

Ala

Leu

Ala

ATg

550

Vval

Val

Glu

Glu

Leu

630

Ala

45

Gln

Thr

Pro

Leu

375

Leu

Gln

Hisg

Gly

Gln

455

Asp

Leu

Ser

Pro

Tle

535

Leu

Val

Gln

Gln

Ser

615

Thr

Leu

Arg

Val

Val

Glu

360

Glu

Thr

2la

Gly

Lys

440

Ala

Gly

His

Val

520

2la

Leu

Ala

ATrg

Val

600

Tle

Agn

ASpP

Thr

Val

Gln

345

Gln

Thr

Pro

Leu

Leu

425

Gln

His

Gly

Gln

ASP

505

Leu

Ser

Pro

Tle

Leu

585

Val

Val

ASP

Ala

ASn
665

Synthetic

2la

330

Val

Val

Glu

Glu

410

Thr

2la

Gly

2la
490

Gly

Agn

Val

2la

570

Leu

ala

2la

His

Val
650

ITle

Leu

Val

Gln

Gln

395

Thr

Pro

Leu

Leu

Gln

475

His

Gly

Gln

Gly

Leu

555

Ser

Pro

Ile

Gln

Leu

635

ATrg

-continued

Ala

Leu

Ala

AYg

380

Val

Val

Glu

Glu

Thr

460

Ala

Gly

Ala

Gly

540

AsSn

Val

Ala

Leu

620

Val

Tle

Ser Asn Gly

Pro

Tle

365

Leu

Val

Gln

Gln

Thr

445

Pro

Leu

Leu

Gln

His

525

Gly

Gln

Tle

Leu

Ser

605

Ser

Ala

Gly

Pro

Val

350

Ala

Leu

Ala

ATrg

Val

430

Val

Glu

Glu

Thr

Ala

510

Gly

Ala

Gly

Cys

590

Agn

ATrg

Leu

Leu

Glu
670

335

Leu

Ser

Pro

Ile

Leu

415

Val

Gln

Gln

Thr

Pro

495

Leu

Leu

Gln

His

Gly

575

Gln

Ile

Pro

2la

Pro

655

Arg

US 9,476,884 B2

Gly

Agn

Val

Ala

400

Leu

Ala

Arg

Val

Val

480

Glu

Glu

Thr

Ala

Gly

560

b2la

Gly

ASp

Cys

640

His

Thr

46



Gly

Ala

65

Leu

Ser

Arg

Ala

145

Tle

Leu

Val

Gln

Gln

225

Thr

Pro

Leu

Leu

Gln

305

His

Gly

Gln

Tle

Leu
385

Ser

Pro

2la

ASpP

Pro

His

50

ala

Pro

Gly

Gly

Arg

130

Leu

2la

Leu

Ala

ATrg

210

Val

Val

Glu

Glu

Thr

290

2la

Gly

Ala

Gly

370

AgSh

Val

Thr

Leu

Lys

35

Gly

Leu

Glu

Ala

Pro

115

Gly

Thr

Ser

Pro

Tle

195

Leu

Val

Gln

Gln

Thr

275

Pro

Leu

Leu

Gln

His

355

Gly

Gln

Tle

Leu

Thr

ATg

20

Val

Phe

Gly

Ala

ATg

100

Pro

Gly

Gly

Agn

Val

180

Ala

Leu

Ala

ATrg

Val

260

Val

Glu

Glu

Thr

Ala
340

Gly

Ala

Gly

Thr

Thr

Thr

85

Ala

Leu

Val

Ala

Tle

165

Leu

Ser

Pro

Ile

Leu

245

Val

Gln

Gln

Thr

Pro

325

Leu

Leu

Gln

His

Gly

405

Gln

Met

Leu

Ser

His

Val

70

His

Leu

Gln

Thr

Pro

150

Gly

ASh

Val

Ala

230

Leu

Ala

ATg

Vval

Val

310

Glu

Glu

Thr

Ala

Gly

390

Lvs

Ala

47

Gly
Gly
Thr
Ala
55

Ala
Glu
Glu
Leu
Ala
135
Leu
Gly
Gln
Tle
Leu
215
Ser
Pro
Tle
Leu
Val
295
Gln

Gln

Thr

Pro
Leu
375
Leu

Gln

Hig

Ser

Val

40

His

Val

2la

Ala

ASDP

120

Val

Agn

2la

Gly

200

His

Val

Ala

Leu

280

Ala

ATrg

Val

Val

Glu

360

Glu

Thr

Ala

Gly

Gly
Ser
25

Ala

Ile

Tle

Leu

105

Thr

Glu

Leu

Gln

His

185

Gly

Gln

ASP

Leu

Ser

265

Pro

Tle

Leu

Val

Gln
345

Gln

Thr

Pro

Leu

Leu

Tle
10
Gln

Gln

Val

Val

50

Leu

Gly

2la

Thr

2la

170

Gly

2la

Gly

Cys

250

His

Val

2la

Leu

Ala
330

Arg

Val

Val

Glu

Glu

410

Thr

His

Gln

His

Ala

Gln

75

Gly

Thr

Gln

Val

Pro

155

Leu

Leu

Gln

His

Gly

235

Gln

ASpP

Leu

Ser

Pro

315

Ile

Leu

Val

Gln

Gln

395

Thr

Pro

-continued

Gly Val Pro Ala

Gln

Hig

Leu

60

ASDP

Val

Val

Leu

Hig

140

Glu

Glu

Thr

Ala

Gly

220

Ala

Gly

Hig
300

Val

Ala

Leu

Ala

AYg

380

Val

Val

Glu

Gln

Glu

45

Ser

Met

Gly

Ala

Leu

125

Ala

Gln

Thr

Pro

Leu

205

Leu

Gln

His

Gly

Gln

285

Asp

Leu

Ser

Pro

ITle

365

Leu

Val

Gln

Gln

Glu
20
Ala

Gln

Ile

Gly

110

Trp

Val

Val

Glu

190

Glu

Thr

Ala

Gly

Lys

270

Ala

Gly

AgSh

Val
350

Ala

Leu

Ala

Arg

Val

15

Lys

Leu

His

ala

Gln

o5

Glu

Tle

Arg

Val

Gln

175

Gln

Thr

Pro

Leu

Leu

255

Gln

Hig

Gly

Gln

Gly

335

Leu

Ser

Pro

Ile

Leu

415

Val

US 9,476,884 B2

2la

Ile

Val

Pro

Ala

80

Trp

Leu

Ala

Agn

2la

160

Val

Val

Glu

Glu

240

Thr

b2la

Gly

b2la
320

Gly

Agh

Val

2la
400

Leu

Ala

48



Tle

Leu

Val

4165

Gln

Gln

Thr

Pro

Leu

545

Leu

Gln

Hig

Gly

Gln

625

ASp

Leu

Ser

Pro

Ile

705

Leu

Val

Gln

Gln

Ser

785

Thr

Leu

Arg

2la

Leu

450

Ala

Arg

Val

Val

Glu

530

Glu

Thr

2la

Gly

Lys

610

ala

Gly

His
Val
690

2la

Leu

2la

ATy

Val

770

Tle

Agn

ASpP

Thr

Ser

435

Pro

Tle

Leu

Val

Gln

515

Gln

Thr

Pro

Leu

Leu

5905

Gln

Hig

Gly

Gln

ASP

675

Leu

Ser

Pro

Tle

Leu
755

Val

Val

ASP

Ala

Agn
835

420

His

Val

Ala

Leu

Ala

500

ATrg

Val

Val

Glu

Glu

580

Thr

Ala

Gly

Ala
65660

Gly

His

Val

Ala

740

Leu

Ala

Ala

His

Val

820

ATrg

AsSp

Leu

Ser

Pro

485

Ile

Leu

Val

Gln

Gln

565

Thr

Pro

Leu

Leu

Gln

645

His

Gly

Gln

Asp

Leu

725

Ser

Pro

Ile

Gln

Leu
805

Gly

His

470

Val

Ala

Leu

Ala

ATYg

550

Val

Val

Glu

Glu

Thr

630

Ala

Gly

Ala
Gly

710

Agn

Val

Ala

Leu
790

Val

Tle

49

Gly
Gln
455
Asp
Leu
Ser
Pro
Ile
535
Leu
Val
Gln
Gln
Thr
615
Pro
Leu
Leu
Gln
Hig
695
Gly
Gln
Gly

Leu

Ser
775
Ser
Ala

Gly

Pro

Lys
440
Ala

Gly

Hig

Val

520

2la

Leu

2la

ATrg

Val

600

Val

Glu

Glu

Thr

Ala

680

Gly

Ala

Gly

Cys

760

Agn

Arg

Leu

Leu

Glu
840

425

Gln

His

Gly

Gln

ASP

505

Leu

Ser

Pro

Tle

Leu

585

Val

Gln

Gln

Thr

Pro

665

Leu

Leu

Gln

His

Gly

745

Gln

Ile

Pro

Ala

Pro

825

Arg

2la

Gly

2la
490

Gly

Agn

Val

2la

570

Leu

2la

Val

Val

650

Glu

Glu

Thr

2la

Gly

730

ala

Gly

ASp

Cys

810

Hisg

Thr

Leu

Leu

Gln

475

His

Gly

Gln

Gly

Leu

555

Ser

Pro

Tle

Leu

Val

635

Gln

Gln

Thr

Pro

Leu

715

Leu

Gln

His

Gly

Pro
795

Leu

Ala

Ser

-continued

Glu
Thr
460

Ala

Gly

Ala
Gly

540

ASn

Val

Ala

Leu

620

Ala

AYg

Val

Val

Glu

700

Glu

Thr

Ala

Gly

ATYJ

780

Ala

Gly

Pro

Hig

Thr

445

Pro

Leu

Leu

Gln

His

525

Gly

Gln

Tle

Leu

Ser

605

Pro

Ile

Leu

Val

Gln

685

Gln

Thr

Pro

Leu

Leu
765

Pro

Leu

Gly

Ala

Arg
845

430

Val

Glu

Glu

Thr

Ala

510

Gly

Ala

Gly

Cys

590

Agn

Val

Ala

Leu

Ala

670

Arg

Val

Val

Glu

Glu

750

Thr

Ala

Ala

ATrg

Leu

830

Val

Gln

Gln

Thr

Pro

495

Leu

Leu

Gln

Hisg

Gly

575

Gln

Tle

Leu

Ser

Pro

655

Ile

Leu

Val

Gln

Gln

735

Thr

Pro

Leu

2la

Pro

815

Ile

2la

US 9,476,884 B2

Val

Val

480

Glu

Glu

Thr

2la

Gly

560

2la

Gly

Hig

640

Val

2la

Leu

Ala

ATrg

720

Val

Val

Glu

Glu

Leu
800

b2la

50



<210>
<211>
<212 >
<213>
<220>
<223 >

PRT

<400> SEQUENCE:

Val Asp Leu Arg

1

Lvs

Gly

Ala

Leu

65

Ser

ATrg

Ala

ITle

145

Leu

Val

Gln

Gln

Thr

225

Pro

Leu

Leu

Gln

Hig

305

Gly

Gln

Tle

Pro

His

2la

50

Pro

Gly

Gly

Arg

Leu

130

ala

Leu

2la

Arg

Val

210

Val

Glu

Glu

Thr

ala
290

Gly

ala

Gly

Lys

Gly

35

Leu

Glu

Ala

Pro

Gly

115

Thr

Ser

Pro

Ile

Leu

195

Val

Gln

Gln

Thr

Pro
275

Leu

Leu

Gln

Hig

Gly
355

Val

20

Phe

Gly

Ala

ATrg

Pro

100

Gly

Gly

Agn

Val

Ala

180

Leu

Ala

ATg

Val

Val

260

Glu

Glu

Thr

Ala

Gly
340

SEQ ID NO 7
LENGTH :
TYPE :
ORGANISM: Artificial Sequence
FEATURE:
OTHER INFORMATION:

831

7

Thr

5

Arg

Thr

Thr

Thr

Ala

85

Leu

Vval

2la

Ile

Leu

165

Ser

Pro

Tle

Leu

Vval
245
Gln

Gln

Thr

Pro

Leu

325

Leu

Gln

Leu

Ser

His

Val

Hig

70

Leu

Gln

Thr

Pro

Gly

150

Asn

Val

Ala

Leu

230

Ala

ATrg

Val

Val

Glu

310

Glu

Thr

Ala

51

Synthetic

Gly

Thr

Ala

Ala

55

Glu

Glu

Leu

bAla

Leu

135

Gly

Gln

His

Leu

Ser

215

Pro

Tle

Leu

Val

Gln

295

Gln

Thr

Pro

Leu

Val

His

40

Val

Ala

2la

ASP

Val

120

Agn

2la

Gly

Cys

200

Agn

Val

Ala

Leu

Ala
280

ATy

Val

Val

Glu

Glu
260

Ser
Ala
25

Tle

Ile

Leu

Thr

105

Glu

Leu

Gln

His

Gly

185

Gln

His

Leu

Ser

Pro

265

Ile

Leu

Val

Gln

Gln

345

Thr

Gln
10
Gln

Val

Val

Leu

50

Gly

2la

Thr

ala

Gly

170

Ala

Gly

Agn
250
Val

ala

Leu

2la

Arg

330

Val

Val

Gln

His

Ala

Gln

Gly

75

Thr

Gln

Val

Pro

Leu

155

Leu

Gln

His

Gly

Gln

235

His

Leu

Ser

Pro

Tle
315

Leu

Val

Gln

-continued

Gln

His

Leu

ASDP

60

Val

Val

Leu

Hig

Glu

140

Glu

Thr

Ala

Gly

Lys

220

Ala

Gly

AsSn

Val

300

Ala

Leu

Ala

ATYg

Gln

Glu

Ser

45

Met

Gly

Ala

Leu

Ala

125

Gln

Thr

Pro

Leu

Leu

205

Gln

His

Gly

Gln

Gly

285

Leu

Ser

Pro

Ile

Leu
365

Glu
Ala
20

Gln

Ile

Gly

Lys

110

Trp

Val

Val

Glu

Glu

120

Thr

Ala

Gly

Ala
270

Gly

Agn

Val

Ala
350

Leu

Lys

15

Leu

His

2la

Gln

Glu

o5

Ile

Arg

Val

Gln

Gln

175

Thr

Pro

Leu

Leu

Gln
255
His

Gly

Gln

Gly

Leu

335

Ser

Pro

US 9,476,884 B2

Tle

Val

Pro

2la

Trp

80

Leu

2la

Agn

b2la

ATrg

160

Val

Val

Glu

Glu

Thr

240

Ala

Gly

Ala

Gly

320

Agn

Val

52



Leu
Ser

385

Pro

Tle

Leu

Val

Gln

4165

Gln

Thr

Pro

Leu

Leu

545

Gln

His

Gly

Gln

His

625

Leu

Ser

Pro

Tle

Leu

705

Val

Gln

Gln

Ser

Cys

370

Agn

Val

Ala

Leu

2la

450

Arg

Val

Val

Glu

Glu

530

Thr

2la

Gly

2la
610

Gly

Agn

Val

2la
690

Leu

2la

Arg

Val

Tle
770

Gln

His

Leu

Ser

Pro

435

Ile

Leu

Val

Gln

Gln

515

Thr

Pro

Leu

Leu

Gln

5905

His

Gly

Gln

His

Leu

675

Ser

Pro

Tle

Leu

Val
755

Val

Ala

Gly

Agnh

420

Val

Ala

Leu

Ala

ATy

500

Val

Val

Glu

Glu

Thr

580

Ala

Gly

Ala

Gly
660

Agn

Val

Ala

Leu

740

Ala

Ala

Hig

Gly

Gln

405

His

Leu

Ser

Pro

Ile

485

Leu

Vval

Gln

Gln

Thr

565

Pro

Leu

Leu

Gln

His

645

Gly

Gln

Gly

Leu

Ser

725

Pro

Ile

Gln

Gly
Lys
390

Ala

Gly

Asn

Vval

470

Ala

Leu

Ala

ATrg

Val

550

Val

Glu

Glu

Thr

Ala

630

Gly

Ala

Gly

Cys

710

Agn

Val

Ala

Leu

53

Leu
375
Gln
His
Gly
Gln
Hisg
455
Leu
Ser
Pro
Tle
Leu
535
Val
Gln
Gln
Thr
Pro
615
Leu
Leu
Gln
His
Gly

695

Gln

Gly

Leu

Ser

Ser
775

Thr

2la

Gly

Ala
440

Gly

Agn

Val

2la

520

Leu

Ala

ATrg

Val

Val

600

Glu

Glu

Thr

2la

Gly

680

Ala

Gly

Agn
760

Arg

Pro

Leu

Leu

Gln

425

His

Gly

Gln

Gly

Leu

505

Ser

Pro

Tle

Leu

Val

585

Gln

Gln

Thr

Pro

Leu

665

Leu

Gln

Hig

Gly

Gln
745

Ile

Pro

Glu

Glu

Thr

410

Ala

Gly

2la

Gly

490

Agn

Val

Ala

Leu

570

ala

Arg

Val

Val

Glu

650

Glu

Thr

2la

Gly

Lys

730

2la

Gly

ASp

Gln

Thr

395

Pro

Leu

Leu

Gln

His

475

Gly

Gln

Gly

Leu

Ser

555

Pro

Ile

Leu

Val

Gln

635

Gln

Thr

Pro

Leu

Leu

715

Gln

His

Gly

Pro

-continued

Val

380

Val

Glu

Glu

Thr

Ala

460

Gly

Ala

Gly

Cvys

540

Agnh

Val

Ala

Leu

Ala

620

ATrg

Val

Val

Glu

Glu

700

Thr

Ala

Gly

ATYJ

Ala
780

Val

Gln

Gln

Thr

Pro

445

Leu

Leu

Gln

Hig

Gly

525

Gln

ITle

Leu

Ser

Pro

605

Tle

Leu

Vval

Gln

Gln

685

Thr

Pro

Leu

Leu

Pro

765

Leu

Ala

ATrg

Val

Val

430

Glu

Glu

Thr

Ala

Gly

510

2la

Gly

Agn

590

Val

Ala

Leu

Ala

ATg

670

Val

Val

Glu

Glu

Thr

750

Ala

Ala

Ile

Leu

Val

415

Gln

Gln

Thr

Pro

Leu

495

Leu

Gln

His

Gly

Gln

575

Hig

Leu

Ser

Pro

Tle

655

Leu

Val

Gln

Gln

Thr

735

Pro

Leu

2la

US 9,476,884 B2

Ala
Leu
400

2la

Val

Val

Glu

480

Glu

Thr

Ala

Gly

Lys

560

b2la

Gly

Agn

Val

640

Ala

Leu

Ala

Arg

Val

720

Val

Glu

Glu

Leu

54



Thr Asn Asp His Leu Val

785

790

Leu Asp Ala Val Lys Lys

805

Arg Thr Asn Arg Arg Ile

<210>
<211>
<212>
<213>
<220>
<223 >

820

PRT

<400> SEQUENCE:

Val Asp Leu Arg

1

Lys

Gly

Ala

Leu

65

Ser

ATrg

Ala

Tle

145

Leu

Val

Gln

Gln

Thr

225

Pro

Leu

Leu

Gln

Hig
3205

Pro

Hig

2la

50

Pro

Gly

Gly

ATy

Leu

130

2la

Leu

2la

Arg

Val

210

Val

Glu

Glu

Thr

ala

290

Gly

Lys

Gly

35

Leu

Glu

Ala

Pro

Gly

115

Thr

Ser

Pro

Tle

Leu

195

Val

Gln

Gln

Thr

Pro

275

Leu

Leu

Val

20

Phe

Gly

Ala

ATy

Pro

100

Gly

Gly

Agn

Val

Ala

180

Leu

Ala

ATrg

Val

Val

260

Glu

Glu

Thr

SEQ ID NO 8
LENGTH :
TYPE :
ORGANISM: Artificial Sequence
FEATURE:
OTHER INFORMATION:

831

8

Thr

Thr

Thr

Ala

85

Leu

Val

2la

Tle

Leu

165

Ser

Pro

ITle

Leu

Val

245

Gln

Gln

Thr

Pro

Leu

Ser

Hig

Val

His

70

Leu

Gln

Thr

Pro

Gly

150

Agn

Val

Ala

Leu

230

Ala

ATrg

Val

Val

Glu
210

3

2la Leu Ala

Gly Leu Pro

Pro Glu Arg

825

Synthetic

Gly

Thr

Ala

Ala

55

Glu

Glu

Leu

Ala

Leu

135

Gly

Gln

Hig

Leu

Ser

215

Pro

ITle

Leu

Val

Gln

295

Gln

Val

Hig

40

Val

2la

Ala

ASP

Val

120

Agn

Ala

Gly

Cys

200

Agh

Val

Ala

Leu

Ala
280

ATy

Val

Ser
Ala
25

Ile

Ile

Leu

Thr

105

Glu

Leu

Gln

His

Gly

185

Gln

Tle

Leu

Ser

Pro

265

Tle

Leu

Val

Cys
His
810

Thr

Gln
10
Gln

Val

Val

Leu

50

Gly

ala

Thr

2la

Gly

170

2la

Gly

Hisg

250

Val

2la

Leu

2la

-continued

Leu Gly Gly Arg Pro

795

Ala

Ser

Gln

His

Ala

Gln

Gly

75

Thr

Gln

Val

Pro

Leu

155

Leu

Gln

His

Gly

Gln

235

ASDP

Leu

Ser

Pro

Tle
315

Pro Ala Leu Ile

815

His Arg Val Ala

Gln

Hig

Leu

ASpP

60

Val

Val

Leu

His

Glu

140

Glu

Thr

Ala

Gly

Lys

220

Ala

Gly

AsSn

Val
300

Ala

Gln

Glu

Ser

45

Met

Gly

Ala

Leu

Ala

125

Gln

Thr

Pro

Leu

Leu

205

Gln

His

Gly

Gln

Tle
285

Leu

Ser

830

Glu
Ala
30

Gln

Tle

Gly

Lys

110

Trp

Val

Val

Glu

Glu

120

Thr

Ala

Gly

Ala
270

Gly

Agn

Lys

15

Leu

Hisg

2la

Gln

Glu

55

Tle

ATrg

Val

Gln

Gln

175

Thr

Pro

Leu

Leu

Gln

255

His

Gly

Gln

His

US 9,476,884 B2

2la
800

Tle

Val

Pro

Ala

Trp

80

Leu

b2la

Agn

Ala

ATrg

160

Val

Val

Glu

Glu

Thr

240

Ala

Gly

Ala

Gly
320

56



Gly

Gln

Tle

Leu

Ser

385

Pro

ITle

Leu

Val

Gln

465

Gln

Thr

Pro

Leu

Leu

545

Gln

Hig

Gly

Gln

Gly

625

Leu

Ser

Pro

Tle

Leu

705

Val

Gln

2la

Gly

Cys

370

Agn

Val

ala

Leu

2la

450

Arg

Val

Val

Glu

Glu

530

Thr

2la

Gly

2la
610

Gly

His

Val

2la

690

Leu

Ala

ATrg

Gln

His

Gly

355

Gln

Ile

Leu

Ser

Pro

435

Tle

Leu

Val

Gln

Gln

515

Thr

Pro

Leu

Leu

Gln

595

His

Gly

Gln

ASP

Leu

675

Ser

Pro

Tle

Leu

Ala

Gly

340

Ala

Gly

Agn

420

Val

Ala

Leu

Ala

ATg

500

Val

Val

Glu

Glu

Thr

580

Ala

Gly

Ala

Gly

660

Agn

Val

Ala

Leu

Leu

325

Leu

Gln

His

Gly

Gln

405

His

Leu

Ser

Pro

Tle

485

Leu

Val

Gln

Gln

Thr

565

Pro

Leu

Leu

Gln

His

645

Gly

Gln

Tle

Leu

Ser

725

Pro

Glu

Thr

Ala

Gly

Lvs

390

Ala

Gly

Hisg

Val

470

Ala

Leu

Ala

ATrg

Val

550

Vval

Glu

Glu

Thr

Ala

630

Gly

Ala

Gly

Cvys

710

ASh

Val

S7

Thr

Pro

Leu

Leu

375

Gln

Hig

Gly

Gln

AsSp

455

Leu

Ser

Pro

Tle

Leu

535

Val

Gln

Gln

Thr

Pro

615

Leu

Leu

Gln

His

Gly
695
Gln

His

Leu

Val

Glu

Glu

360

Thr

Ala

Gly

Ala
440

Gly

Agn

Val

Ala

520

Leu

2la

Arg

Val

Val

600

Glu

Glu

Thr

2la

Gly
680

2la

Gly

Gln

Gln

345

Thr

Pro

Leu

Leu

Gln

425

His

Gly

Gln

Tle

Leu

505

Ser

Pro

Ile

Leu

Val

585

Gln

Gln

Thr

Pro

Leu
665

Leu

Gln

His

Gly

Gln

Arg

330

Val

Val

Glu

Glu

Thr

410

ala

Gly

2la

Gly

490

AgSh

Val

2la

Leu

570

2la

Arg

Val

Val

Glu

650

Glu

Thr

2la

Gly

Lys

730

2la

Leu

Val

Gln

Gln

Thr

395

Pro

Leu

Leu

Gln

His

475

Gly

Gln

Gly

Leu

Ser

555

Pro

ITle

Leu

Val

Gln

635

Gln

Thr

Pro

Leu

Leu

715

Gln

His

-continued

Leu Pro Val Leu

Ala

ATYg

Val

380

Val

Glu

Glu

Thr

Ala

460

Gly

Ala

Gly

Cvys

540

Asn

Val

Ala

Leu

Ala

620

ATYg

Val

Val

Glu

Glu

700

Thr

Ala

Gly

Ile

Leu

365

Val

Gln

Gln

Thr

Pro

445

Leu

Leu

Gln

His

Gly

525

Gln

Gly

Leu

Ser

Pro

605

Tle

Leu

Val

Gln

Gln

685

Thr

Pro

Leu

Leu

Ala

350

Leu

Ala

ATy

Val

Val

430

Glu

Glu

Thr

Ala

Gly

510

Ala

Gly

His

590

Val

Ala

Leu

Ala

ATrg

670

Val

Val

Glu

Glu

Thr

335

Ser

Pro

Ile

Leu

Val

415

Gln

Gln

Thr

Pro

Leu

495

Leu

Gln

His

Gly

Gln

575

ASpP

Leu

Ser

Pro

Tle
655

Leu

Val

Gln

Gln

Thr

735

Pro

US 9,476,884 B2

Agn

Val

2la

Leu

400

Ala

ATrg

Val

Val

Glu

480

Glu

Thr

Ala

Gly

Lys

560

Ala

Gly

Agn
Val
640

Ala

Leu

Ala

Val
720

Val

Glu

58



Gln

Ser

Val

Ile
770

Val
755

Val

Thr Asn Asp

785

Leu

ATy

<210>
<211>
<212 >
<213>
220>
<223 >

ASpP

Thr

Ala

Agn

740

Ala

Ala

His

Val

ATy

820

PRT

<400> SEQUENCE:

Val Asp Leu Arg

1

Lys

Gly

Ala

Leu

65

Ser

Arg

Ala
Tle
145

Leu

Val

Gln

Gln

Thr

225

Pro

Leu

Leu

Pro

His

Ala

50

Pro

Gly

Gly

Arg

Leu

130

2la

Leu

Ala

ATrg

Val

210

Val

Glu

Glu

Thr

Lys

Gly

35

Leu

Glu

Ala

Pro

Gly

115

Thr

Ser

Pro

Tle

Leu
195

Val

Gln

Gln

Thr

Pro

Val

20

Phe

Gly

Ala

ATg

Pro

100

Gly

Gly

His

Val

Ala

180

Leu

Ala

ATrg

Val

Val

260

Glu

Tle

Gln

Leu

Lys

805

Arg

SEQ ID NO 9
LENGTH :
TYPE :
ORGANISM: Artificial Sequence
FEATURE:
OTHER INFORMATION:

831

S

Thr

5

Arg

Thr

Thr

Thr

Ala

85

Leu

Val

Ala

Asp

Leu

165

Ser

Pro

ITle

Leu

Val

245

Gln

Gln

Ala

Leu

Val

790

Lys

ITle

Leu

Ser

His

Val

His

70

Leu

Gln

Thr

Pro

Gly

150

ASh

Val

Ala

Leu

230

Ala

ATrg

Val

59

Ser
Ser
775
Ala

Gly

Pro

Agn

760

ATy

Leu

Leu

Glu

745

Tle

Pro

Ala

Pro

ATy
825

Synthetic

Gly

Thr

Ala

Ala

55

Glu

Glu

Leu

Ala

Leu

135

Gly

Gln

Tle

Leu

Ser
215

Pro

Ile

Leu

Val

Tyr

Val

His

40

Val

2la

2la

ASDP

Val

120

Agn

Ala

Gly

Cys

200

His

Val

2la

Leu

2la

Ser
Ala
25

Ile

Tle

Leu

Thr

105

Glu

Leu

Gln

His

Gly

185

Gln

ASP

Leu

Ser

Pro

265

Tle

Gly

ASpP

His
810

Thr

Gln
10
Gln

Val

Val

Leu

50

Gly

2la

Thr

2la

Gly

170

2la

Gly

Agn
250

Val

2la

Gly

Pro

Leu

795

Ala

Ser

Gln

His

Ala

Gln

Gly

75

Thr

Gln

Val

Pro

Leu

155

Leu

Gln

His

Gly

Gln
235
Gly

Leu

Ser

-continued

AYg

Ala

780

Gly

Pro

His

Gln

Hig

Leu

ASDP

60

Val

Val

Leu

Hig

Glu

140

Glu

Thr

Ala

Gly

Lys

220

Ala

Gly

ASn

Pro

765

Leu

Gly

Ala

Arg

Gln

Glu

Ser

45

Met

Gly

Ala

Leu

Ala

125

Gln

Thr

Pro

Leu

Leu
205

Gln

His

Gly

Gln

Gly

750

Ala

Ala

Arg

Leu

Val
830

Glu
Ala
20

Gln

Tle

Gly

Lys

110

Trp

Val

Val

Glu

Glu

120

Thr

Ala

Gly

Ala
270

Gly

Leu

ala

Pro

Tle

815

ala

Lys

15

Leu

His

Ala

Gln

Glu

55

Tle

Arg

Val

Gln

Gln

175

Thr

Pro

Leu

Leu

Gln
255

His

Gly

US 9,476,884 B2

Glu

Leu

Ala
800

Ile

Val

Pro

Ala

Trp

80

Leu

Ala

Agn

Ala

Arg

160

Val

Val

Glu

Glu
Thr
240

2la

Gly

60



Gln

Hisg

305

Gly

Gln

ITle

Leu

Ser

385

Pro

Tle

Leu

Val

Gln

465

Gln

Thr

Pro

Leu

Leu

545

Gln

Hig

Gly

Gln

ITle

625

Leu

Ser

Pro

Tle

2la
290

Gly

2la

Gly

Cys

370

Agn

Val

2la

Leu

2la

450

Arg

Val

Val

Glu

Glu

530

Thr

2la

Gly

ala
610

Gly

His

Val

2la
690

275

Leu

Leu

Gln

His

Gly

355

Gln

Ile

Leu

Ser

Pro

435

Tle

Leu

Val

Gln

Gln

515

Thr

Pro

Leu

Leu

Gln

595

Hig

Gly

Gln

ASP

Leu
675

Ser

Glu

Thr

Ala

Gly

340

Ala

Gly

Agn

420

Val

Ala

Leu

Ala

ATrg

500

Val

Val

Glu

Glu

Thr

580

Ala

Gly

Ala

Gly
660

Agn

Thr

Pro

Leu

325

Leu

Gln

His

Gly

Gln

405

His

Leu

Ser

Pro

Ile

485

Leu

Val

Gln

Gln

Thr

565

Pro

Leu

Leu

Gln

His

645

Gly

Gln

His

Val

Glu

310

Glu

Thr

Ala

Gly

Lys

390

Ala

Gly

Agn

Val

470

Ala

Leu

Ala

ATrg

Val

550

Val

Glu

Glu

Thr

Ala
630

Gly

Ala

Gly

61

Gln
295
Gln
Thr
Pro
Leu
Leu
375
Gln
Hig
Gly
Gln
Tle
455
Leu
Ser
Pro
Ile
Leu
535
Val
Gln
Gln

Thr

Pro
615

Leu

Leu

Gln

Hig

Gly
695

280

ATrg

Val

Val

Glu

Glu

360

Thr

2la

Gly

2la
440

Gly

Agn

Val

2la

520

Leu

2la

ATy

Val

Val

600

Glu

Glu

Thr

Ala

Gly
680

Leu

Val

Gln

Gln

345

Thr

Pro

Leu

Leu

Gln

425

Hisg

Gly

Gln

Gly

Leu

505

Ser

Pro

Tle

Leu

Val
585
Gln

Gln

Thr

Pro

Leu

665

Leu

Gln

Leu

ala

Arg

330

Val

Val

Glu

Glu

Thr

410

2la

Gly

2la

Gly

490

Agn

Val

2la

Leu
570

2la

Arg

Val

Val

Glu

650

Glu

Thr

2la

Pro

Ile

315

Leu

Val

Gln

Gln

Thr

395

Pro

Leu

Leu

Gln

His

475

Gly

Gln

Gly

Leu

Ser

555

Pro

Tle

Leu

Val

Gln

635

Gln

Thr

Pro

Leu

-continued

Val

300

Ala

Leu

Ala

ATy

Val

380

Val

Glu

Glu

Thr

Ala

460

Gly

Ala

Gly

Cvs

540

Hig

Val

Ala

Leu

Ala
620

ATYJ

Val

Val

Glu

Glu
700

285

Leu

Ser

Pro

Tle

Leu

365

Vval

Gln

Gln

Thr

Pro

445

Leu

Leu

Gln

His

Gly

525

Gln

Asp

Leu

Ser

Pro

605

Ile

Leu

val

Gln

Gln

685

Thr

His

Val

Ala

350

Leu

Ala

ATg

Vval

Val

430

Glu

Glu

Thr

Ala

Gly

510

Ala

Gly

Agn
590
Val

Ala

Leu

Ala

ATrg

670

Val

Val

Gln

ASP

Leu

335

Ser

Pro

Tle

Leu

Val

415

Gln

Gln

Thr

Pro

Leu

495

Leu

Gln

His

Gly

Gln

575

Gly

Leu

Ser

Pro

Tle
655

Leu

Val

Gln

US 9,476,884 B2

Ala
Gly

320

Agn

Val

Ala

Leu

400

Ala

Val

Val

Glu

480

Glu

Thr

2la

Gly

Lys

560

2la

Gly

Agn

Val
640

Ala

Leu

Ala

62



Leu

705

Val

Gln

Gln

Ser

Thr

785

Leu

ATrg

<210>
<211>
<212 >
<213>
<220>
<223 >

<400>

Leu

2la

Arg

Val

Tle

770

Agn

ASp

Thr

Pro

Tle

Leu

Val

755

Val

ASP

Ala

Agn

Val

Ala

Leu

740

Ala

Ala

His

Val

ATg

820

PRT

SEQUENCE :

Val Asp Leu Arg

1

Lys

Gly

Ala

Leu

65

Ser

ATrg

Ala

ITle
145

Leu

Val

Gln

Gln

Thr
225

Pro

His

2la

50

Pro

Gly

Gly

Arg

Leu

130

ala

Leu

2la

Arg

Val
210

Val

Lys

Gly

35

Leu

Glu

Ala

Pro

Gly

115

Thr

Ser

Pro

Tle

Leu

195

Val

Gln

Val

20

Phe

Gly

Ala

ATrg

Pro

100

Gly

Gly

Agn

Val

Ala

180

Leu

Ala

ATrg

Leu
Ser

725

Pro

ITle

Gln

Leu

Lys
805

SEQ ID NO 10
LENGTH :
TYPE :
ORGANISM: Artificial Sequence
FEATURE:
OTHER INFORMATION:

831

10

Thr

5

ATy

Thr

Thr

Thr

Ala

85

Leu

Vval

2la

Gly

Leu

165

Ser

Pro

Ile

Leu

Cvs

710

Agn

Val

Ala

Leu

Val

790

Lys

ITle

Leu

Ser

His

Val

His

70

Leu

Gln

Thr

Pro

Gly
150

Agn

Val

Ala

Leu
230

63

Gln
Hisg
Leu
Ser
Ser
775
Ala

Gly

Pro

Ala

Gly

Agh

760

ATrg

Leu

Leu

Glu

Hig

Gly

Gln

745

Tle

Pro

Ala

Pro

ATrg
825

Synthetic

Gly

Thr

Ala

Ala

55

Glu

Glu

Leu

bAla

Leu

135

Gly

Gln

Hisg

Leu

Ser
215

Pro

Val

His

40

Val

Ala

2la

ASP

Val

120

Agn

Ala

Gly

Cys

200

Agn

Val

Ser
Ala
25

Tle

Tle

Leu

Thr
105

Glu

Leu

Gln

Hig

Gly

185

Gln

Ile

Leu

Gly

Lys

730

2la

Gly

ASp

His
810

Thr

Gln
10
Gln

Val

Val

Leu

90

Gly

2la

Thr

ala

Gly
170

2la

Gly

Leu

715

Gln

His

Gly

Pro

Leu

795

Ala

Ser

Gln

His

Ala

Gln

Gly

75

Thr

Gln

Val

Pro

Leu
155

Leu

Gln

His

Gly

Gln
235

-continued

Thr

Ala

Gly

ATrg

Ala

780

Gly

Pro

Hig

Gln

His

Leu

ASDP

60

Val

Val

Leu

Hig

Glu

140

Glu

Thr

Ala

Gly

Lys

220

Ala

Pro

Leu

Leu

Pro

765

Leu

Gly

Ala

Arg

Gln

Glu

Ser

45

Met

Gly

Ala

Leu

Ala
125
Gln

Thr

Pro

Leu

Leu

205

Gln

His

Glu

Glu

Thr

750

Ala

Ala

ATg

Leu

Val
830

Glu
Ala
20

Gln

Ile

Gly

Lys

110

Trp

Val

Val

Glu

Glu

120

Thr

Ala

Gly

Gln

Thr

735

Pro

Leu

2la

Pro

Tle

815

2la

Lys

15

Leu

His

2la

Gln

Glu

o5

Ile

Arg

Val

Gln

Gln

175

Thr

Pro

Leu

Leu

US 9,476,884 B2

Val

720

Val

Glu

Glu

Leu

2la
800

Tle

Val

Pro

2la

Trp

80

Leu

2la

Agn

b2la

ATrg

160

Val

Val

Glu

Glu

Thr
240

64



Pro

Leu

Leu

Gln

Hig

305

Gly

Gln

Ile

Leu

Ser

385

Pro

Tle

Leu

Val

Gln

4165

Gln

Thr

Pro

Leu

Leu

545

Gln

His

Gly

Gln

His
625

Leu

Glu

Glu

Thr

Ala

290

Gly

2la

Gly

Cys

370

His

Val

Ala

Leu

ala

450

Arg

Val

Val

Glu

Glu

530

Thr

2la

Gly

2la
610

Gly

Gln

Thr

Pro

275

Leu

Leu

Gln

His

Gly

355

Gln

ASP

Leu

Ser

Pro

435

Ile

Leu

Val

Gln

Gln

515

Thr

Pro

Leu

Leu

Gln
505

His

Gly

Gln

Val

Val

260

Glu

Glu

Thr

Ala

Gly

340

Ala

Gly

His

420

Val

Ala

Leu

Ala

ATy

500

Val

Val

Glu

Glu

Thr
580

Ala

Gly

Ala

Val

245

Gln

Gln

Thr

Pro

Leu

325

Leu

Gln

Hig

Gly

Gln

405

AsSp

Leu

Ser

Pro

Tle

485

Leu

Vval

Gln

Gln

Thr

565

Pro

Leu

Leu

Gln

His
645

Ala

ATrg

Val

Val

Glu

310

Glu

Thr

Ala

Gly

Lys

390

Ala

Gly

AsSn

Vval

470

Ala

Leu

Ala

ATg

Val

550

Val

Glu

Glu

Thr

Ala

630

Gly

65

ITle
Leu
Val
Gln
295
Gln
Thr
Pro
Leu
Leu
375
Gln
His
Gly
Gln
Hig
455
Leu
Ser
Pro
Tle
Leu
535
Val

Gln

Gln
Thr
Pro
615

Leu

Leu

Ala

Leu

2la

280

Arg

Val

Val

Glu

Glu

360

Thr

2la

Gly

Ala
440

Gly

Agn

Val

2la

520

Leu

Ala

ATrg

Val

Val

600

Glu

Glu

Thr

Ser

Pro

265

Ile

Leu

Val

Gln

Gln

345

Thr

Pro

Leu

Leu

Gln

425

His

Gly

Gln

Gly

Leu

505

Ser

Pro

Tle

Leu

Val

585

Gln

Gln

Thr

Pro

Agn

250

Val

2la

Leu

2la

Arg

330

Val

Val

Glu

Glu

Thr

410

Ala

Gly

2la

Gly

490

Agn

Val

Ala

Leu
570

ala

Arg

Val

Val

Glu
650

Ile

Leu

Ser

Pro

ITle

315

Leu

Val

Gln

Gln

Thr

395

Pro

Leu

Leu

Gln

His

475

Gly

Gln

Gly

Leu

Ser

555

Pro

Ile

Leu

Val

Gln

635

Gln

-continued

Gly

Hig

Val

300

Ala

Leu

Ala

AYg

Val

380

Val

Glu

Glu

Thr

Ala

460

Gly

Ala

Gly

Cvys

540

Agnh

Val

Ala

Leu

Ala
620

ATYJ

Val

Gly

Gln

Asp

285

Leu

Ser

Pro

Tle

Leu

365

Val

Gln

Gln

Thr

Pro

445

Leu

Leu

Gln

His

Gly

525

Gln

Gly

Leu

Ser

Pro

605

Tle

Leu

val

Lys
Ala
270

Gly

His

Val

Ala

350

Leu

Ala

ATrg

Val

Val

430

Glu

Glu

Thr

Ala

Gly

510

Ala

Gly

Agn

590

Val

Ala

Leu

Ala

Gln

255

His

Gly

Gln

ASpP

Leu

335

Ser

Pro

Ile

Leu

Val

415

Gln

Gln

Thr

Pro

Leu

495

Leu

Gln

His

Gly

Gln

575

Gly

Leu

Ser

Pro

Tle
655

US 9,476,884 B2

Ala

Gly

Ala

Gly

320

Agn

Val

Ala

Leu

400

2la

Arg

Val

Val

Glu

480

Glu

Thr

Ala

Gly

Lys

560

Ala

Gly

Agn

Val
640

Ala

06
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Ser Asn Ile Gly Gly Lys Gln Ala Leu
660 665

Pro Val Leu Cys Gln Ala His Gly Leu

675
ITle Ala Ser Asn Ile Gly Gly Lys Gln
690 695

Leu Leu Pro Val Leu Cys Gln Ala His

705 710

Val Ala Ile Ala Ser Asn His Gly Gly

725

Gln Arg Leu Leu Pro Val Leu Cys Gln
740 745

Gln Val Val Ala Ile Ala Ser Asn His

755
Ser Ile Val Ala Gln Leu Ser Arg Pro
770 775

Thr Asn Asp His Leu Val Ala Leu Ala

785 790

Leu Asp Ala Val Lys Lys Gly Leu Pro

805

Arg Thr Asn Arg Arg Ile Pro Glu Arg
820 825

<210> SEQ ID NO 11

<211> LENGTH: 6

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 11

taaccc

<210> SEQ ID NO 12

<211> LENGTH: 9

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223 > OTHER INFORMATION: Synthetic

<400> SEQUENCE: 12

taaccctaa

<210> SEQ ID NO 13

<211> LENGTH: 12

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 13

taaccctaac cc

<210> SEQ ID NO 14

<211> LENGTH: 15

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 14

Glu

Thr

2la

Gly

Lys

730

2la

Gly

ASp

Hig
810

Thr

Thr

Pro

Leu

Leu

715

Gln

His

Gly

Pro

Leu

795

Ala

Ser

-continued

Val Gln Arg

Glu

Glu

700

Thr

Ala

Gly

ATYJ

Ala

780

Gly

Pro

Hig

Gln

685

Thr

Pro

Leu

Leu

Pro

765

Leu

Gly

Ala

Arg

670

Val

Val

Glu

Glu

Thr

750

Ala

Ala

ATrg

Leu

Val
830

Leu

Val

Gln

Gln

Thr

735

Pro

Leu

2la

Pro

Ile

815

2la

US 9,476,884 B2

Leu

2la

Arg

Val

720

Val

Glu

Glu

Leu

b2la
800

12

08



69

taaccctaac cctaa

<210> SEQ ID NO 15

<211l> LENGTH: 20

<212> TYPE: DHNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 15

taaccctaac cctaacccta

<210> SEQ ID NO 16

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 16

tagggttagg gttagggtta

<210> SEQ ID NO 17

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 17

tagacagaag cattctcaga

<210> SEQ ID NO 18

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 18

tcacttcaag attctacgga

<210> SEQ ID NO 19

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 19

ttgaaccacc gttttgaagg

<210> SEQ ID NO 20
<211> LENGTH: 2766

<212> TYPE: DHNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 20

atggccacca cccatatggg atccggtatc

actttgggat attcacagca gcagcaggaa

gcgcagcatce acgaagcecgcet ggtgggtcat

tcgcagcacce ctgcagceccect tggcacggtc

cacggagtcc

aagatcaagc

gggtttacac

gccgtcaagt

US 9,476,884 B2

-continued

cagcagccgt agatttgaga
ccaaagtgag gtcgacagtc
atgcccacat cgtagccttg

accaggacat gattgcggcyg

15

20

20

20

20

20

60

120

180

240

70



ttgccggaag

gcgettgagg

acgggccagt

gcgtggcegea

attgcgagca

ctgtgccaag

gdaaagcadgdy

ctaaccccag

accgtccaga

gtggcaattyg

cctgtgetgt

gacgggdgaa

cacggactga

ctcgaaaccy

caagtcgtgyg

ttgctgcectyg

agcaacatcyg

caagcgcacyg

caggcactcg

ccagagcagyg

cagaggttgc

attgcgagcec

ctgtgccaag

dgdaaagcadyd

ctcaccccag

accgtccaga

gtggctattg

tcgaggcecgy

ctcggceggac

attaagcgga

ggaagtggaa

ctggatggtg

actaatggta

ccgactetgy

atgaagcagc

atttccttta

accctggtaa

ggccataagc

aaaaatggca

ccacacatga

ccetgttgac

tgctgaagat

atgcgctcac

acatcggggg

cgcacggact

cactcgaaac

agcaggtcgt

ggttgctgcce

cgagccatga

gccaagcgca

agcaggcact

caccagagca

tccagaggtt

caattgcgag

tgctgtgcca

gdgdaaayca

gactaacccc

aaaccgtcca

tcgtggcaat

tgcctgtgcet

atgacgggdgg

cgcacggact

cactcgaaac

agcaggtcgt

ggttgctgcce

catccaacat

accccgegcet

gacccgcectt

ccaacagaag

tgcgtaaagy

atgtcaacgyg

aactgacgct

taacgacgct

atgacttctt

aggatgacgg

accgcattga

tggaatacaa

ttaaagcgaa

71

ggcgatcgtce
ggtcgcggga
cgcgaagcgyg
gggagcaccc
aaagcaggca
tacgccagag
cgtccagagy
ggcaattgcyg
tgtgctgtgc
cyggggygaaay
cggcctgacc
cgaaaccgtc
ggtcgtggca
gctgcocetgty
caacatcggy
agcgcacgga
ggcactcgaa
agagcaggtc
gaggttgctg
tgcgagccat
gtgccaagcy
aaagcaggca
gacaccagag
cgtccagagy
ggcaattgcyg
tgtgctgtgc
cgygggycaga
ggccgcactc
ggatgcggtyg
gattcccecgag
cgaagagctyg

tcataagttt
gaagttcatc
gacttatggt
caagtccgcc
cacgtacaaa
gctgaaaggc
ttttaacagc

CCttaaaatt

ggtgtgggga

gagctgagag

ggaggagtca

ctcaacctga

ctcgaaaccy

caggtcgtgg

ttgctgectyg

agccatgacyg

caagcgcacyg

caggcactcyg

ccagagcagyg

cagaggttgc

attgcgagca

ctgtgccaayg

gyaaagcady

cttacgccag

accgtccaga

gtggcaattyg

cctgtgetgt

gacgygygggad

cacggcctga

ctcgaaaccy

caggtcgtgg

ttgctgeccty

agcaacatcyg

caagcgcacy

ccecgcactgy

actaatgatc

dadaaddqydcC

aggacatcac

ttcactggtyg

tcecgtgegtyg

tgtactactyg

gttcagtgct

atgccggaag

acgcgtgcegg

attgacttta

cacaatgttt

cgccacaacyg

US 9,476,884 B2

-continued

aacagtggag

ggcctccocct

cggcggtcga

ccccagagca

tccagaggtt

caattgcgag

tgctgtgcca

gggdaaadgdcda

ggttgacccc

aaaccgtcca

tcgtggcaat

tgcctgtget

acggagyygyy

cgcacggact

cactcgaaac

agcaggtcgt

ggttgctgcc

cgagccatga

gccaagcgca

agcaggcact

ccccagagca

tccagaggtt

caattgcgag

tgctgtgcca

gdgdaaadca

gactcacgcc

agtcaatcgt

atcttgtagce

tcccecgeacgce

atcgagtggce

tcgtcoctat

gcgagggtga

gtaaactgcc

ttgctcgtta

gctatgtgca

aagtgaaatt

aagaagacgyg

acatcaccgc

tggaggatgg

cggagcccga

tcagctggac

ggcggtgcac

ggtcgtggca

gctgcctgty

caacatcggg

agcgcacgga

ggcactcgaa

agagcaggtc

gaggttgctg

tgcgagccat

gtgccaagcyg

aaagcaggca

tacacccgaa

cgtccagagyg

ggcaattgcyg

tgtgctgtgce

cgggdygaaag

cgggttgacc

cgaaaccgtce

ggtcgtggca

gctgcecctgtyg

caacqdgadgdyy

agcgcacggce

ggcactcgaa

tgagcaggta

ggcccagctt

gctggcctgc

gcctgcecattyg

aggcctgcag

tctggtggaa

aggtgacgca

ggtaccttygy

tccggaccat

ggaacgcacyg

tgaaggcgat

caatatcctyg

cgataaacaa

cagcgtgcag

300

360

420

480

540

600

660

720

780

840

500

960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620

1680

1740

1800

1860

1920

1980

2040

2100

2160

2220

2280

2340

2400

2460

2520

2580

72
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US 9,476,884 B2

-continued

ctggctgatc actaccagca aaacactcca atcggtgatg gtcecctgttcet gctgccagac

aatcactatc tgagcacgca aagcgttctg tctaaagatce cgaacgagaa acgcgatcat

atggttctge tggagttcgt aaccgcagceg ggcatcacgce atggtatgga tgaactgtac

aaatag

<210> SEQ ID NO 21

<211> LENGTH:
«212> TYPE:

3354
DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<«223> OTHER INFORMATION:

<400> SEQUENCE: 21

atggactata

gacgataaga

gtagatttga

aggtcgacag

atcgtagcct

atgattgcgy

agcggagcocc

cttcagctgy

gaggcggtgce

caggtcgtygg

ttgctgccty

agcaacatcyg

caagcgcacyg

caggcactcyg

ccagagcagyg

cagaggttgc

attgcgagca

ctgtgccaag

gdaaagcady

cttacacccg

accgtccaga

gtggcaattyg

cctgtgetgt

cacgyygddaa

cacgggttga

ctcgaaaccy

caggtcgtgg

ttgctgcectyg

agcaacggag

caagcgcacyg

caggcactcg

aggaccacga

tggccccaaa

gaactttggyg

tcgcocgcagcea

tgtcgcagca

cgttgccgga

gagcgcttga

acacgggcca

acgcegtggceg

caattgcgag

tgctgtygcca

gydgdaaaqcda

gactaacccc

aaaccgtcca

tcgtggcaat

tgcctgtgcet

acgygayygyyy

cgcacggact

cactcgaaac

aacaagtcgt

ggttgctgcce

cgagcaacat

gccaagcgca

agcaggcact

ccccagagcea

tccagaggtt

caattgcgag

tgctgtgcca

gydgdaaaqcda

gcctcacccc

aaaccgtcca

cggagactac

gaagaagcddy

atattcacag

tcacgaagcy

ccectgceagcec

agccacacat

ggccctgtty
gttgctgaag
caatgcgctc
ccatgacggy
agcgcacgga
ggcactcgaa
agagcaggtc
gaggttgctyg
tgcgagcaac
gtgccaagcyg
aaagcaggca
gacaccagag
cgtccagagy
ggcaattgcyg
tgtgctgtgc
cgggggygaaay
cggactaacc

cgaaaccgtce

ggtcgtggca

gctgcocctgty

caacqdygadgddy

agcgcacgga

ggcactcgaa

agagcaggtc

gaggttgctyg

Synthetic

aaggatcatyg

aaggtcggta

cagcagcagyg

ctggtgggtc

cttggcacgy

gaggcgatcyg

acggtcgcgg

atcgcgaagc

acgggagcac

gdaaadgcadd

cttacgccayg

accgtccaga

gtggcaattyg

cctgtgetgt

ggagggygggad

cacggcctga

ctcgaaaccy

caggtcgtgg

ttgctgcctyg

agcaacatcyg

caagcgcacyg

caggcactcyg

ccagagcagy

cagaggttgc

attgcgagca

ctgtgccaag

gdaaagcady

ctgacaccag

accgtccaga

gtggcaattyg

cctgtgetgt

atattgatta

tccacggagt

aaaagatcaa

atgggtttac

tcgcoccgtcaa

tcggtgtggyg

gagagctgag

ggggaggagt

ccctcaaccet

cactcgaaac

agcaggtcgt

ggttgctgcc

cgagccatga

gccaagcgca

agcaggcact

ccccagagca

tccagaggtt

caattgcgag

tgctgtgcca

gggdaaadgdca

gacttacgcc

aaaccgtcca

tcgtggcaat
tgcctgtget

acatcggggg

cgcacggcct

cactcgaaac

agcaggtcgt

ggttgctgcc

cgagccatga

gccaagcgca

caaagacgat

cccagcagcec

gcccaaagtyg

acatgcccac

gtaccaggac

gaaacagtgyg

agggcctcecc

cacggcggtce

gaccccagag

cgtccagagyg

ggcaattgcyg

tgtgctgtygce

cgggdggaaag

cgggttgacc

cgaaaccgtce

ggtcgtggca

gctgcectgtyg

ccatgacggyg

agcgcacgga

ggcactcgaa

agagcaggtc

gaggttgctg

tgcgagcaac

gtgccaagcyg

aaagcaggca

gaccccagag

cgtccagagyg

ggcaattgcyg

tgtgctgtygce

cygggygaaay

cggacttacg

2640

2700

2760

2766

60

120

180

240

300

360

420

480

540

600

660

720

780

840

500

560

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620

1680

1740

1800

1860

74



ccagagcagyg
cagaggttgc
attgcgagca
ctgtgccaag
ggaaagcagy
ctgaccccag
accgtccaga
gtggcaattyg
cctgtgetgt
atcgggggcea
ctggccgcac
ttggatgcgy
aggattcccyg
agcaaggygcey
gtaaacggcc
ctgaccctga
accaccctgy
gacttcttca
gacgacggca
cgcatcgagc
gagtacaact
aaggccaact
taccagcaga
agctaccagt

gagttcgtga

tcgtggcaat
tgcctgtgcet
acatcggggyg
cgcacgggtt
cactcgaaac
agcaggtcgt
ggttgctgcce
cgagcaacca
gccaagcgca
gacccgcact
tcactaatga
tgaagaaggyg
agaggacatc
aggagctgtt
acaagttcag
agctgatctyg
gctacggcct
agtccgccat
actacaagac
tgaagggcat
acaacagcca
tcaagatccyg
acacccccat
ccaagctgag

ccgecgecgy

<210> SEQ ID NO 22

<211> LENGTH:
<212> TYPERE:

3354
DNA

7S

tgcgagcaac
gtgccaagcy
aaagcaggca
gaccccagag
cgtccagagyg
ggcaattgcyg
tgtgctgtgce
cggggyggyaaayg
cggactcacg
ggagtcaatc
tcatcttgta
gctcoccegeac
acatcgagtg
caccggggtg
cgtgtccggce
caccaccggc
gcagtgcttc
gcccgaaggc
ccgegcecgag
cgacttcaag
caacgtctat
ccacaacatc
cggcgacggc
caaagacccc

gatcactctc

ggagygygggaa

cacggactaa

ctcgaaaccy

caggtcgtgg

ttgctgecctyg

agcaaccacyg

caagcgcacyg

caggcactcg

cctgagcagy

gtggcccagc

gcgctggect

gcgcctgcat

gcaggcctgc

gtgcccatcce

gaggygcgagy

aagctgcccy

gcccecgcetacce

tacgtccagy

gtgaagttcyg

gaggacggcd

atcaccgcecy

gaggacggcy

ccegtgetgc

aacgagaagc

ggcatggacg

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

«223> OTHER INFORMATION:

<400> SEQUENCE: 22

atggactata

gacgataaga

gtagatttga

aggtcgacag

atcgtagcct

atgattgcgyg

agcggagcecc

cttcagctgy

gaggcggtgce

aggaccacga

tggccccaaa

gaactttggg

tcgcocgcagcea

tgtcgcagca

cgttgccgga

gagcgcttga

acacgggcca

acgcegtggceg

cggagactac

gdagaagcdy

atattcacag

tcacgaagcy

ccectgceagcec

agccacacat

ggccctgttyg

gttgctgaag

caatgcgctc

Synthetic

aaggatcatyg

aaggtcggta

cagcagcagyg

ctggtgggtc

cttggcacgy

gaggcgatcg

acggtcgcegg

atcgcgaagc

acgggagcac

US 9,476,884 B2

-continued

agcaggcact

ccccagagca

tccagaggtt

caattgcgag

tgctgtgcca

gygdaaadgdcda

gactgacacc

aaaccgtcca

tagtggctat

tttcgaggcec

gﬂﬂtﬂggﬂgg

tgattaagcg

agggaagtgg

tggtcgaget

gcgatgccac

tgccctggcec

ccgaccacat

agcgcaccat

agggcgacac

acatcctggyg

acaagcagaa

gcgtgcagcet
tgcccgacaa

gcgatcacat

agctgtacaa

atattgatta

tccacggagt

aaaagatcaa

atgggtttac

tcgcoccgtcaa

tcggtgtggyg

gagagctgag

ggggaggagt

ccctcaaccet

cgaaaccgtc

ggtcgtggca

gctgcctgtyg

ccatgacggyg

agcgcacggc

ggcactcgaa

agagcaggtc

gaggttgctyg

tgcatccaac

ggacccacgcyg

acgacccgcc

gaccaacaga

aagtatggtyg

ggacqdgcdgac

ctacggcaag

caccctegtyg

gaagcagcac

cttcttcaag

cctggtgaac

gcacaagctyg

gaacggcatc

cgccgaccac

ccactacctg

ggtcctgcety

gtag

caaagacgat

cccagcagcec

gcccaaagtyg

acatgcccac

gtaccaggac

gaaacagtgyg

agggcctcecec

cacggcggtce

gaccccagag

1920

1980

2040

2100

2160

2220

2280

2340

2400

2460

2520

2580

2640

2700

2760

2820

2880

2940

3000

3060

3120

3180

3240

3300

3354

60

120

180

240

300

360

420

480

540

76



caggtcgtgg

ttgctgectyg

agcaaccacyg

caagcgcacyg

caggcactcyg

ccagagcagy

cagaggttgc

attgcgagcc

ctgtgccaag

gdyaaagcadgy

cttacacccg

accgtccaga

gtggcaattg

cctgtgetgt

gacgygggyad

cacgggttga

ctcgaaaccy

caggtcgtygg

ttgctgecty

agcaacggag

caagcgcacyg

caggcactcyg

ccagagcagyg

cagaggttgc

attgcgagca

ctgtgccaag

gdaaagcady

ctgaccccag

accgtccaga

gtggcaattyg

cctgtgetgt

cacgyygddyca

ctggccgceac

ctggatgcgg

aggattcccyg

adcaagddycdy

gtaaacggcc

ctgaccctga

accaccctgyg

gacttcttca

caattgcgag

tgctgtgcca

ggdaaagca

gactaacccc

aaaccgtcca

tcgtggcaat

tgcctgtgcet

atgacgggdgyg

cgcacggact

cactcgaaac

aacaagtcgt

ggttgctgcc

cgagccatga

gccaagcgca

agcaggcact

ccccagagcea

tccagaggtt

caattgcgag

tgctgtgcca

gydgdaaaqcda

gcctcaccecec

aaaccgtcca

tcgtggcaat

tgcctgtgcet

accacyddygddy

cgcacgggtt

cactcgaaac

agcaggtcgt

ggttgctgcc

cgagcaacca

gccaagcgca

gacccgcact

tcactaatga

tgaagaaggg

agaggacatc

aggagctgtt

acaagttcag

agctgatcty

gctacggcct

agtccgccat

77

caacggaggyg
agcgcacgga
ggcactcgaa
agagcaggtc
gaggttgctg
tgcgagcaac
gtgccaagcy
aaagcaggca
gacaccagag
cgtccagagyg
ggcaattgcyg
tgtgctgtgce
cggggyggyaaay
cggactaacc
cgaaaccgtc
ggtcgtggca
gctgectgty
caacggadgdd
agcgcacgga
ggcactcgaa
agagcaggtc
gaggttgctyg
tgcgagcaac
gtgccaagcy
aaagcaggca
gaccccagag
cgtccagagyg
ggcaattgcyg
tgtgctgtgce
cgggggaaag
cggactcacg
ggagtcaatc

tcatcttgta
gctccegcac
acatcgagtg
caccggggtyg
cgtgtccggc
caccaccggce
gcagtgcttc

gcccgaaggce

gdyaaadgcadgdy

cttacgccag

accgtcocaga

gtggcaattyg

cctgtgetgt

atcgggggaa

cacggcctyga

ctcgaaaccy

caggtcgtgg

ttgctgecctyg

agcaacatcyg

caagcgcacyg

caggcactcyg

ccagagcagyg

cagaggttgc

attgcgagca

ctgtgccaag

gdaaadgcadd

ctgacaccag

accgtccaga

gtggcaattyg

cctgtgetgt

Jgagggggdaa

cacggactaa

ctcgaaaccy

caggtcgtgg

ttgctgcectyg

agcaacatcyg

caagcgcacyg

caggcactcyg

cctgagcagy

gtggcccagc

gcgetggect
gcgcoctgcat

gcaggcctgce

gtgcccatcc

Jaggygcgagy

aagctgcccy

gcccgcetacce

tacgtccagy

US 9,476,884 B2

-continued

cactcgaaac

agcaggtcgt

ggttgctgcc

cgagcaacat

gccaagcgca

agcaggcact

ccccagagca

tccagaggtt

caattgcgag

tgctgtgcca

gdgdaaadgcda

gacttacgcc

aaaccgtcca

tcgtggcaat

tgcctgtget

accacgygygygygy

cgcacggcct

cactcgaaac

agcaggtcgt

ggttgctgcc

cgagcaacgyg

gccaagcgca

agcaggcact

ccccagagca

tccagaggtt

caattgcgag

tgctgtgcca

gggdaaadgdca

gactgacacc

aaaccgtcca

tagtggctat

tttcgaggec

gccteggcgg

tgattaagcg

agggaagtgg

tggtcgagct

gcgatgccac

tgccetggec

ccgaccacat

agcgcaccat

cgtccagagyg

ggcaattgcyg

tgtgctgtgce

cygggygaaay

cgggttgacc

cgaaaccgtce

ggtcgtggca

gctgcectgtyg

ccatgacggyg

agcgcacgga

ggcactcgaa

agagcaggtc

gaggttgctg

tgcgagccat

gtgccaagcy

aaagcaggca

gaccccagag

cgtccagagyg

ggcaattgcy

tgtgctgtygce

aggdggaaag

cggacttacg

cgaaaccgtc

ggtcgtggca

gctgcecctgty

caacatcggyg

agcgcacggc

ggcactcgaa

agagcaggtc

gaggttgctg

tgcatccaac

ggacccaegag

acgacccgcec

gaccaacaga

aagtatggtg

gyacygcdac

ctacggcaag

caccctegtyg

gaagcagcac

cttcttcaag

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620

1680

1740

1800

1860

1920

1980

2040

2100

2160

2220

2280

2340

2400

2460

2520

2580

2640

2700

2760

2820

2880

2940

78



gacgacggca
cgcatcgagc
gagtacaact
aaggccaact
taccagcaga
agctaccagt

gagttcgtga

actacaagac

tgaagggcat
acaacagcca
tcaagatccyg
acacccccat
ccaagctgag

ccgocgecgy

<210> SEQ ID NO 23

<«211> LENGTH:
<212> TYPE:

3354
DNA

79

ccgegecgag
cgacttcaag
caacgtctat
ccacaacatc
cggcgacggc
caaagacccc

gatcactctc

gtgaagttcyg

gaggacggcda

atcaccgcecyg

gaggacgdced

ccegtgetgc

aacgagaagc

ggcatggacg

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<«223> OTHER INFORMATION:

<400> SEQUENCE: 23

atggactata

gacgataaga

gtagatttga

aggtcgacag

atcgtagcecct

atgattgcgyg

agcggagcecc

cttcagctgy

gaggcggtgce

caggtcgtgg

ttgctgectyg

agcaaccacyg

caagcgcacyg

caggcactcyg

ccagagcagyg

cagaggttgc

attgcgagca

ctgtgccaag

gdaaagcady

cttacacccg

accgtccaga

gtggcaattyg

cctgtgetgt

cacyggdydyaa

cacgggttga

ctcgaaaccy

caggtcgtgg

aggaccacga

tggccccaaa

gaactttggg

tcgcgcagcea

tgtcgcagca

cgttgccgga

gagcgcttga

acacgggcca

acgcgtggceg

caattgcgag

tgctgtgcca

gdgdaaadca

gactaacccc

aaaccgtcca

tcgtggcaat

tgcctgtgcet

acatcggggg

cgcacggact

cactcgaaac

aacaagtcgt

ggttgctgcce

cgagcaacat

gccaagcgca

agcaggcact

ccceccagagcea

tccagaggtt

caattgcgag

cggagactac

Jaagaagcgy

atattcacag

tcacgaagcy

ccectgeagcec

agccacacat

ggccctgtty
gttgctgaag
caatgcgctc
caacatcggy
agcgcacgga
ggcactcgaa
agagcaggtc
gaggttgctyg
tgcgagccat
gtgccaagcyg
aaagcaggca
gacaccagag
cgtccagagy
ggcaattgcyg

tgtgctgtgc

cyggygggaaay

cggactaacc

cgaaaccgtc

ggtcgtggca

gctgcocctgty

caacatcggy

Synthetic

aaggatcatg

aaggtcggta

cagcagcagg

ctggtgggtc

cttggcacgy

gaggcgatcg

acggtcgcgg

atcgcgaagc

acgggagcac

gdaaadgcadgdy

cttacgccag

accgtccaga

gtggcaattg

cctgtgetgt

gacgggggada

cacggcctga

ctcgaaaccy

caggtcgtgg

ttgctgcectyg

agcaacatcyg

caagcgcacy

caggcactcyg

ccagagcagyg

cagaggttgc

attgcgagcec

ctgtgccaayg

gdaaadgcadgdy

US 9,476,884 B2

-continued

agggcgacac

acatcctggg

acaagcagaa

gcgtgcagcet

tgcccgacaa

gcgatcacat

agctgtacaa

atattgatta

tccacggagt

aaaagatcaa

atgggtttac

tcgccgtcaa

tcggtgtggyg

gagagctgag

ggggaggagt

ccctcaacct

cactcgaaac

agcaggtcgt

ggttgctgcc

cgagcaacat

gccaagcgca

agcaggcact

ccccagagca

tccagaggtt

caattgcgag

tgctgtgcca

gggdaaadgdcda

gacttacgcc

aaaccgtcca

tcgtggcaat

tgcctgtget

atgacggggyg

cgcacggcct

cactcgaaac

cctggtgaac

gcacaagctyg

gaacggcatc

cgccgaccac

ccactacctg

ggtcctgcectyg

gtag

caaagacgat

cccagcagcec

gcccaaagtyg

acatgcccac

gtaccaggac

gaaacagtgyg

agggcctcecc

cacggceggtce

gaccccagag

cgtccagagyg

ggcaattgcyg

tgtgctgtgce

cgggygaaay

cgggttgacc

cgaaaccgtc

ggtcgtggca
gctgcecctgty

caaccacggyg

agcgcacgga

ggcactcgaa

agagcaggtc

gaggttgctg

tgcgagcaac

gtgccaagcy

aaagcaggca

gaccccagag

cgtccagagyg

3000

3060

3120

3180

3240

3300

3354

60

120

180

240

300

360

420

480

540

600

660

720

780

840

500

960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620

80



ttgctgectyg

agcaacggag

caagcgcacyg

caggcactcyg

ccagagcagy

cagaggttgc

attgcgagca

ctgtgccaag

gdyaaagcadgy

ctgaccccag

accgtccaga

gtggcaattg

cctgtgetgt

atcgggggca

ctggccgcac

ctggatgcgg

aggattcccyg

adcaaddqcd

gtaaacggcc

ctgaccctga

accaccctygy

gacttcttca

gacgacggca

cgcatcgagc

gagtacaact

aaggccaact

taccagcaga

agctaccagt

gagttcgtga

tgctgtgcca
gdggaaagca
gcctcacccc
aaaccgtcca
tcgtggcaat
tgcctgtgcet
acyggagddygdy
cgcacgggtt
cactcgaaac
agcaggtcgt
ggttgctgcc
cgagcaacca
gccaagcgca
gacccgcact
tcactaatga
tgaagaaggg
agaggacatc
aggagctgtt
acaagttcag
agctgatctg
gctacggect
agtccgccat
actacaagac
tgaagggcat
acaacagcca
tcaagatccg
acacccccat
ccaagctgag

ccgocgecgyg

«<210> SEQ ID NO 24
<211> LENGTH: 34

«212> TYPERE:

PRT

81

agcgcacgga
ggcactcgaa
agagcaggtc
gaggttgctg
tgcgagccat
gtgccaagcyg
aaagcaggca
gaccccagag
cgtccagagg
ggcaattgcyg
tgtgctgtgce
cggggyggyaaay
cggactcacg
ggagtcaatc
tcatcttgta
gctccegcac
acatcgagtg
caccggggtg
cgtgtccgygce
caccaccggce
gcagtgcttce
gcccgaaggc
ccgecgcecgag
cgacttcaag
caacgtctat
ccacaacatc
cggcgacggc
caaagacccc

gatcactctc

ctgacaccag

accgtccaga

gtggcaattyg

cctgtgetgt

gacgggygggaa

cacggactaa

ctcgaaaccy

caggtcgtgg

ttgctgecctyg

agcaacatcyg

caagcgcacyg

caggcactcyg

cctgagcagy

gtggcccagce

gcgctggect

gcgcectgceat

gcaggcctgce

gtgcccatcce

gaggydgcgagy

aagctgcccy

gcccegctace

tacgtccagy

gtgaagttcg

gaggacggcd

atcaccgcecyg

gaggacggcy

ccegtgetgc

aacgagaagc

ggcatggacg

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<«223> OTHER INFORMATION:

<400> SEQUENCE: 24

Synthetic

US 9,476,884 B2

-continued

agcaggtcgt
ggttgctgcc
cgagcaacygyg
gccaagcgca
agcaggcact
ccccagagca
tccagaggtt
caattgcgag
tgctgtgcca
ggggaaagca
gactgacacc
aaaccgtcca
tagtggctat
tttcgaggcec
gcecteggegyg
tgattaagcg
agggaagtgyg
tggtcgagcet
gcgatgcecac
tgccctggec
ccgaccacat
agcgcaccat
agggcgacac
acatcctggyg
acaagcagaa
gcgtgcagcet
tgcccgacaa
gcgatcacat

agctgtacaa

ggcaattgcyg
tgtgctgtgce

agggygaaay

cggacttacg

cgaaaccgtce

ggtcgtggca

gctgcectgtyg

ccatgacggy

agcgcacggc

ggcactcgaa

agagcaggtc

gaggttgctg

tgcatccaac

ggacccacgcy

acgacccgcec

gaccaacaga

aagtatggtg

gdacqgdgcdac

ctacggcaag

caccctegtyg

gaagcagcac

cttcttcaag

cctggtgaac

gcacaagctyg

gaacggcatc

cgccgaccac

ccactacctg

ggtcctgctyg

gtag

Leu Thr Pro Glu Gln Val Val Ala Ile Ala Ser Asn Ile Gly Gly Lys

1

5

10

15

Gln Ala Leu Glu Thr Val Gln Arg Leu Leu Pro Val Leu Cys Gln Ala

His Gly

20

<210> SEQ ID NO 25
<«211> LENGTH: 34

25

30

1680

1740

1800

1860

1920

1980

2040

2100

2160

2220

2280

2340

2400

2460

2520

2580

2640

2700

2760

2820

2880

2940

3000

3060

3120

3180

3240

3300

3354

32
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-continued

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 25

Leu Thr Pro Glu Gln Val Val Ala Ile Ala Ser Asn Gly Gly Gly Lys
1 5 10 15

Gln Ala Leu Glu Thr Val Gln Arg Leu Leu Pro Val Leu Cys Gln Ala
20 25 30

His Gly

<210> SEQ ID NO 26

<211> LENGTH: 14

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 26

Leu Thr Pro Glu Gln Val Val Ala Ile Ala Ser Asn Ile Gly
1 5 10

<210> SEQ ID NO 27

<211l> LENGTH: 34

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 27

Leu Thr Pro Glu Gln Val Val Ala Ile Ala Ser Asn His Gly Gly Lys
1 5 10 15

Gln Ala Leu Glu Thr Val Gln Arg Leu Leu Pro Val Leu Cys Gln Ala
20 25 30

His Gly

<210> SEQ ID NO 28

<211> LENGTH: 35

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 28

Leu Thr Pro Glu Gln Val Val Ala Ile Ala Ser Asn His Gly Gly Arg
1 5 10 15

Pro Ala Leu Glu Ser Ile Val Ala Gln Leu Ser Arg Pro Asp Pro Ala
20 25 30

Leu Ala Ala
35

<210> SEQ ID NO 29

<211> LENGTH: 15

<212> TYPRE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 29

Leu Thr Pro Glu Gln Val Val Ala Ile Ala Ser Asn His Gly Gly
1 5 10 15

34
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I claim:

1. A fusion protein comprising a plurality of repeat amino
acid sequences and a fluorescent protein, wheremn said
fusion protein 1s not coupled to a nuclease and at least one
ol said repeat amino acid sequences has a specific athinity for
a telomere nucleic acid residue.

2. The fusion protein of claim 1, wherein said repeat
amino acid sequences comprise:

(SEQ ID NO: 24)
LTPEQVVAIASNIGGKQALETVQRLLPVLCQAHG,
(SEQ ID NO: 1)
LTPEQVVAIASHDGGKQALETVQRLLPVLCQAHG,
(SEQ ID NO: 25)
LTPEQVVAIASNGGGKQALETVQRLLPVLCQAHG,
and
(SEQ ID NO: 26)
LTPEQVVAIASNIGG.
3. The fusion protemn of claim 1, wherein said fusion
protein comprises SEQ ID NO:2.
4. The fusion protemn of claim 1, wherein said fusion
protein comprises SEQ ID NO:3.
5. The fusion protemn of claim 1, wherein said fusion
protein comprises SEQ ID NO:4.
6. The fusion protein of claim 1, wherein said fusion
protein comprises SEQ ID NO:5.
7. The fusion protemn of claim 1, wherein said fusion

protein comprises SEQ ID NQO:6.

8. The fusion protein of claim 1, wherein said protein
fusion comprises SEQ 1D NO:7.

9. The fusion protein of claim 1, wherein said fluorescent
protein 1s a green fluorescent protein.

10. The fusion protein of claim 1, wherein said fluorescent
protein 1s an mCherry protein.

11. A fusion protein comprising a plurality of repeat
amino acid sequences and a fluorescent protein, wherein
said fusion protein 1s not coupled to a nuclease and at least
one ol said repeat amino acid sequences has a specific
allinity for a centromere nucleic acid residue.

12. The fusion protein of claim 11, wherein said plurality
of repeat amino acid sequences comprise:

(SEQ ID NO: 25)
LTPEQVVAIASNGGCGKOALETVORLLPVLCQAHG,

(SEQ ID NO: 27)
LTPEQVVAIASNHGGKOALETVORLLPVLCQAHG,

(SEQ ID NO: 24)
LTPEQVVAIASNIGGKOALETVORLLPVLCQAHG,

(SEQ ID NO: 1)

LTPEQVVAIASHDGGKOALETVORLLPVLCQAHG,
and

(SEQ ID NO: 29)
LTPEQVVAIASNHGG.

13. The fusion protein of claim 11 wherein said fusion
protein comprises SEQ ID NO:S8.

14. The fusion protein of claim 11, whereimn said fusion
protein comprises SEQ ID NO:9.

15. The fusion protein of claim 11, wherein said fusion
protein comprises SEQ ID NO:10.

16. The fusion protein of claim 11, wherein said fluores-
cent protein 1s a green tluorescent protein.

10

15

20
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17. The fusion protein of claim 11, wherein said fluores-
cent protein 1s an mCherry protein.

18. A telomere target nucleic acid sequence selected from
the group consisting of

(SEQ ID NO: 11)
TAACCC

(SEQ ID NO: 12)
TAACCCTAA

(SEQ ID NO: 13)
TAACCCTAACCC,

(SEQ ID NO: 14)
TAACCCTAACCCTAA,

(SEQ ID NO: 15)
TAACCCTAACCCTAACCCTA,
and

(SEQ ID NO. 16)
TAGGGTTAGGGTTAGGGTTA.

19. A centromere target nucleic acid sequence selected
from the group consisting of

(SEQ ID NO: 17)
TAGACAGAAGCATTCTCAGA

(SEQ ID NO: 18)

TCACTTCAAGATTCTACGGA,

(SEQ ID NO:19)
TTGAACCACCGTTTTGARAGG.

20. A composition comprising a peptide linked to a
fluorescent protein and not attached to a nuclease, wherein
said peptide 1s bound to a telomere target nucleic acid
sequence.

21. The composition of claim 20, wherein said target
nucleic acid sequence 1s selected from the group consisting

of

(SEQ ID NO: 11}
TAACCC,

(SEQ ID NO: 12)
TAACCCTAA,

(SEQ ID NO: 13)
TAACCCTAACCC,

(SEQ ID NO: 14)
TAACCCTAACCCTAA,

(SEQ ED NO: 15)
TAACCCTAACCCTAACCCTA,
and

(SEQ ID NO. 16)

TAGGGTTAGGGTTAGGGTTA.

22. The composition of claim 20, wherein said peptide 1s
selected from the group consisting of SEQ ID NO:2, SEQ ID
NO:3, SEQ ID NO:4, SEQ ID NO:5, SEQ ID NO:6, and
SEQ ID NO:7.

23. The composition of claim 20, wherein said telomere
target nucleic acid sequence comprises double stranded
deoxyribonucleic acid.

24. The composition of claim 20, wherein said composi-
tion further comprises a live cell.

25. The composition of claim 20, wherein said composi-
tion further comprises a fixed cell.
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26. A composition comprising a peptide linked to a
fluorescent protein and not attached to a nuclease, wherein
said peptide 1s bound to a centromere target nucleic acid
sequence.

27. The composition of claim 26, wherein said target

nucleic acid sequence 1s selected from the group consisting
of

(SEQ ID NO: 17)
TAGACAGAAGCATTCTCAGA,

(SEQ ID NO: 18)
TCACTTCAAGATTCTACGGA,

(SEQ ID NO: 19)
TTGAACCACCOTTTTGAAGG.

28. The composition of claim 26, wherein said peptide 1s
selected from the group consisting of SEQ ID NO: 8, SEQ
ID NO: 9 and SEQ ID NO: 10.

29. The composition of claim 26, wherein said target
nucleic acid sequence 1s located a human chromosome
selected from the group consisting ol chromosome 13,
chromosome 18 and chromosome 21.

30. The composition of claim 26, wherein said centromere
target nucleic acid sequence comprises double stranded
deoxyribonucleic acid.

31. The composition of claim 26, wherein said composi-
tion further comprises a live cell.

32. The composition of claim 26, wherein said composi-
tion further comprises a fixed cell.
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